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IHTLODUCTION

Our scientific history contains a considerable

number of attempts to reach a solution of the problem
of long range weather forecasting. The following methods
and approaches, which are used at the present tlme (indi-
vidually or in conjunction with other metlods)are the most
common ones: 1) Statistical methods; 2) Consideration
of periodicity in the changes in meteorological elements;
3) Cornsideration of the "pecullarltles" in the course of
long tevm cuxves of changes in meteorological elements,
4) Conuideration of the relationship between changes in
meteorclogical elements (phenomena) and changes in solar
activitys; §5) Consideration of the relationship between
the formation of certain action centers and the weather
in various regions of tie Northern Hemisphere; 6) The

establishment of the pattern of repetition and succession
of the various types of atmospheric circulation; 7) The
analogue method; 8) The consideration of long waves that
occur in the troposphere and the consequent weather condi- .
tions on.-the ground; 9) The solution of hydrodynamlc and .
thermodynamlc equatlons of the atmospaere. :

We shall brlefly examine each one of these approaches
and methods. - : .

I. Statistical Methods of Forecasting. .

The statistical methods of forecasting appeared be-
fore other methods since their application required no
elaboration of the physical aspects of the interrelation-
ships in the development of macroprocesses. Statistical
methods in essence are extrapolation methods, based on
the cons1deratlon of the initial condltlon and the ten-
dencies. . :
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In order to determine the initicl state, various
methods for representing the macroprocesses are used
that permit the isolation of the more pertinent and the
elimination of the unimportant features of the macro-
processes. Such determination is achieved through the
compilation of conglomerate kinematic maps or maps pro-
viding average values of the meteorological elements,
which was already mentioned in the preface.

Various types of statistical methods are used to
determine the tendency. Gérman meteorologists, led by
Bauer, utilized multiple correlation tables for this
purpose; in the United States autocorrelation methods
are used in conjunction with a consideration of the
normal meteorological changes during a period included
in the forecast. Occasionally elementary statistical
data regarding the probability of a preservation of the
initial state, a change to the opposite,. etc., are used.

Statistical methods also include numerous inves-
tigations for determining the correlation coefficients
between the changes of one element at various points
within the same region and their subsequent changes.

/[See Note/ Such methods were widely used by Rauer for
Burope, by Wadsworth In verifying the relationships be-
tween the situation and the intensity of a series of
"semi-cons*ant action centers" and especially by Walker
in hils classic investigation of the relationship between
weather elements on the globe and partially for the fore-
casting of seasonal rains in India. In the USSR this
type of investigation was conducted by V. Yu. Vize as
well as by a number of other scientists. A number of
important characteristics involved in the circulatieon

of the atmosphere and of its individual segments as

well as certain prognostic relationships were revelaed
through this method. fMote/ Such’invesbigotiche also knowi as "world
weatherOne of the basic Znd outstanding inadeguacies of
all these investigations and attempts to arrive at a
solution of the problem of long-range weather forecasts -
is the fact that the relationships established in thismanner
frequently do not readily lend themselves to & physical
interpretation and the characteristics of their interre- .
lationships not infrequently change- with time. - There--
fore, a method based exclusively on these relationships ‘
may not be considered prospective. This, however, does
not mean that the application of statistical relation-
ships in combination with other, physical, methods could
not be useful., ZExamples of their effective utilization
in conjunction with a number of methods will be illus-—
trated below.




IT.: Cons1derat10ndof Perlodloltv 1n tﬂe Changes of
Meteorological Elements.

: .. This is one of the varletles of a statlstlcal
approach which is based on the statlstlcal analysis of
prolonged homogeneous pressure records amd'umbeb"/ln—-
frequently7 of temperature and pre01p1tat10n at certain
stations. -~ In these cases the purpose is to establish
a certain- perlodlclty or recurrence in the variations .
which could then be utilized in the compilation of long
range forecasts for these particular elements. Inves-
tigations have determined a great variety of different
types of périods that last anywhere from several days
to several decades. The methods that are used in these
cases, however, such as the harmonic analysis, and
smoothing not infrequently lead to an establishment of
periods which do not even exist in nature. Other dis-
covered and proven periods turn out to be unstable in
time which makes it impossible to use them in prognos-—
tlgatlon.

Weickmann's works as well as that of his succes-
sors may be included in the same group of. 1nvest1gat10ns.
They established so-called points of symmetry in the
change of pressure on both sides of which the curve
showing the dependence of pressure on time has a con-
verse course. A group of co-workers guided by Weick-
mann, that is now working in Kissingen, establishes the
points of symmetry not on the basis of pressure data at
the different stations but on the basis of data of aver-
age pressure at several stations situated over an area
of 500 square kilometers. Despite the application of
the best statistical procedures in the above investiga-
tions the authors were unable to evolve a method for
forecasting points of symmetry for future periods,

Bauer conducted'an;exhaustive‘statistical inves-"
tigation of the possibilities for 'applying methods of
periodicity and symmetry for the extrapolation of wea-"
ther elements in order to be able to forecast them on
a long-range basis., He came to the conclusion that ’
these methods do not deserve attention or further ef-
forts and funds as their prognostic effect does not ex-
ceed the probability of the preservation of the initial
values of significance of the meteorological. elements.
It is apparently difficult not to agree w1th this con-
clusion. .

I1I., Consideration of Peculiafitiés‘in the Course of

Average Many Year (No%@aIZ,CurvesvDepicting Changes in
Meteorological Elements,

A number of investigations indicate that certain
characteristics of circulation and weather found in
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various regions occur moré frequently on the same dates
of a certain month by comparison with neighboring dates, -
In order to study such dependencies for a number of sta-
tions in Europe and the eastern part of the Atlantic
Ocean "normal"pressure curves at sea level for a five-
day period were evolved. Despite the fact that these
five-day curves were evolved to cover an ‘extensive
number of years certain of their "peculiarities" did
not smooth out and clearly appeared in the background
of seasonal tendency. This indicates the fact that
the given peculiarity as a rule occurs in-individual .
five-~day periods which were included in the averaging

- A graph depicting changes in the average five-
day elements of pressure for several recent months
is compiled in the evolution of a prognosis of pres-
sure for the next five-day period. This graph -is en-
tered on tracing paper and superimposed on an analo-
gous graph of the normal course of the pressure curve.
Portions of the normal curve where a coincidence of
the ridges and valleys with those of the initial curve
occur are also searched for in this case. ttention
is usually not devoted at first to the dimensions of
the curve amplitudes which subsequently is corrected
by means of additional methods. o

In order to find sections where the curves me
-parallel, it is freqguently necessary to displace the
curves in time, A "peculiarity" located closest to
the day of prognosis is searched for on the superim- .
bosed curves. Subsequently the initial curve is ex-
trapolated for the next five-day period more or less
parallel to the normal curve. _

The prognostic value of the average pressuice far
the next five-day period for the given station is ob-
tained as a result. Similar operations are conducted
for every station located in the region that we are
concerned with in a particular case. As 3 result a
prognostic chart of the ground level. pressure for the
subsequent five-day period was evolved. This approach
is at the present time utilized in France and this
will be described in greater detail in Chapter II,
paragraph 2. B B :

IV. Solar Activity. ,

. _Section 4 of Chapter II examined in detsil the
problem of solar activity and its role in the develop-
ment of atmospheric processes., It indicated that the
presence of ‘such a relationship is irrevocably proven
by a number of investigations. However, the mechanism
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of the transfer of such interreactions from the sun
to the atmosphere is not yet guite clear. . It there—
fore follows that in elaborating methods for. long- -
range weather forecasts,; it is necessary to consider
the role of this factor as well.,.

' Chapter II also pointed out that it 1s 1ncorrect
to attempt to evolve a method for long—range and short-
range weather forecasts on the basis of considering
this factor alome. In such an approach the activity
of the atmosphere is placed in complete dependence
only. on the external factor and the regularities -
that are peculiar to the atmosphere itself are not
taken into consideration.

However, it is also incorrect to con31der that
almost all of the presently existing methods for
1ong-range forecasting of weather even though they
do recognize the concrete rwle of solar act1v1ty
still do not take it into consideration in the com-
pilation of forecasts not only quantitatively but
qualitatively. This of course may partially be ex-
plained by the imperfect nature of our knowledge re-
garding the role of this factor and regarding the
mechanism of the transmission of solar activities,
but we also know far from everythlng about other
factors. Loes
- . It seems to us that at the present time the ‘data
ylelded by observations and investigation of them
provides the basis for the consideration of this
factor in all methods of long-range weather fore-
casting, especially when the matter pertains to
forecasts for a season, a year, or an epoch. At the
same time it is necessary to state that in view of
its exceptional complexity this problem requlres an
extensive program of further investigations in solar
and. atmospherlc physics, which was already dlscussed
in detall in Chapter II of thls book.

Ve .Cons1derat10n of Relatlonshlps Between the State
of Certain Centers of Atmospheric Activity and Wea-
ther in Individual Regions of the Northern Hemisphere,
A big step ahead by comparison with the approach-
es ‘examined above was the synoptic approach which was
being developed since 1913 by the Russian school head-
ed by B. P. Mul'tanovskiy., The initial working hypo-
thesis in this case was the following situation: = the
weather in a given region is a reflection of the con-
ditions of the centers of atmospheric activity. ZFor
the prognostication of weather in the European area
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of the USSR special attention was attributed to the
activities'of_thé’POlar'and'AZores centers of activ-
ity. Subsequently it was established that the char-
acteristics of their activity are associated with the
trajectories of prevoume formations, the continuity of
natural synoptic periods and seasons, the cccurrence
and recurrence of various types of macroprocesses. ‘The
results obtained in this respect formed the basis of .
the synoptic method for long-range weather forecast-
ing which, until the bresent time, is used in the
USSR in the central institute of forecasting and
which will be examined in detail in Chapter VII of
this book. . - -
Similar ideas were utilized by Elliot in the
compilation of his "Type Method" which will be de-
scribed in Chapter XI. ' S ’

VI. The Typification of Synoptic Processes. - :

A number of investigations relating to the prob-
lem of forecasting were conducted with the goal of
approaching the elaboration of methods for long-range
weather forecasts based on a typification of macro-
synoptic processes observed in the hemisphere or in
& certain region within it., A considerable portion
of such typifications was examinegd by us in Chapters
III and IV. There it was pointed out that few of the
existing typifications were developed to the point of
being a method of long-range_forecasting, gince the
regularities in the continuity of established . types -
were not clarified in the majority of cases. The.
statistical characsecristics of continuity, however,
provided little material for forecasting as tre -~ —o-
bability of the conversion of the initial type into
any c¢ne of the remaining types was frequently almost
equal, ' ‘ - o ‘
The greatest difficulty which was experienced
in the utilization of types for the compilation of
long-range forecasts was the forecast of the type of .
impending processes’, The majority of errors in weax
ther forecasts compiled on such principlées evolves
specifically from errors in the pPrognostication of
the type. ’ o

The utilization of typifications in certain sys-
tems for long-range weather forecasts will be dis-
cussed in greater detail in Chapters VIII, X, XI, XII.
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VII. Analogues. el e
I order to forecast the characteristics of an
impending macroprocess.it is necessary ‘to reveal the
basic . effect of physical factors, their role and changes
in time. JInasmuch as at the present moment to fully
~'do this the problem is” frequently solved by devious
‘means in studying macrosynoptic processes that were
observed in the past and finding processes among then
that are analogous to .those which are being observed
_in the current season, month or some other period of
time., In this® case it is commonly, accepted to con-
sider that as long as two seasons or months were Ob-
served to have analogous processes they were analogous
physical: factors that had an analogous effect and
successiveness. Therefore it is considered that the
further development of these initial processes will
also be analogous. Then, with a certain degree of
probability it is possible to assert that those pro-
cesses which were observed in the analogue years dur-
ing the period corresponding to the one being prog-
nostigated will also be observed during the year cov-
ered by the prognosis under compilation. . oL
Such an assertion of course may not be -considered
as proof. It is known that there are cases where in-
signific.at differences in processes occurring in the
past bring about basically different recurrences in
the future. Therefore, the inevitable problem arises
as to what two processes should be considered as an- -
alogous or what might be considered as a criteria =
for determining the analogous nature of various pro-
cesses observed during different years. -
Thereare many subjective views and unsolved pro-
blems in this matter. Some consider that in selecting
analogues it is necessary to be limited by a similar-.
ity that occurs in certain small regions for which
the prognosis is being compiled. Others consider .
that along with the similarities in a limited re--.
gion there must also be a similarity in the selected
analogues for the entire hemisphere as well. At the
same time it is required that there be a similarity
not only for the ground level charts but for the al-
titude hemisphere charts as well. Some. consider that
analogues may be selected on the basis of average
characteristic processes., Others however prefer
daily data or charts. However, if all these require-
ments were to be satisfied, then, having a limited
number of observations /especially-altitude data/ it
will often be almost impossible to select an analogue,
A completely new approach to the problem on the
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selection and utilization of analogues was adopted
by G. Ya, Vangengeym' /see Chapter ViiI/. The prin-
cipal condition- "here —ig:.that in selecting ‘analogues
not the external: p01nts of similarity -age considered
but gemetic ones, i.e. polirts that reflect the inter-
nal features of the development of the maonoprocesses.
In this case the main subject pertains to the selec--
tion of circulation homologs. Z§ee Note/ A condition
that the processes under compavison must be analo-
gous stages of more extensive processes in time and
space is a condition that must be considered for this
case,  Such conditions are the transformation of
W, C and E forms over a period of time considerably
greater than periods for which the homologs are being
selected., Experience indicates /See Chapter VII/ ,
that with such an approach in selection of analogues
the latter may be an important auxiliary method in
the compilation of long-range weather forecasts com-
piled on the basis of any of the existing methods. -
[Note/ Homolog -~ from the Greek word homologous -
corresponding or similar in its genetlc signs, '
Nevertheless the compilation of a method for
prognosis only on the basis of analogues may not at
the present time be considered correct and therefore
prospective., It is so far possible to agree with
an assertion by Namias with regard to this plan on
the fact that "analogues in the best case are substi-
tutes for comprehension, and without comprehending
meteorology it is hardly possible to rise beyond the
low level of skill which may be attained by using
the analogue method."

VIII. The Con51derct10n of Long Waves in the Tropo-
sphere Tayer and the Related Weather Condltlone on
the Ground.

As already 1ndloated in the first part of this
book, during the past fifteen to twenty years our
knowledge on the three-dimensional structure of the
general atmospheric circulation has expanded consid-
erably. At the same time it was indicated that the
processes and weather conditions observed on the
basis of ground level charts are very closely asso-
ciated with the structure of the thermecpregsuelevel
of the troposphere aloft, The most important element
in the chain of these associations is the long waves
that are observed in altitude charts of the hemis--
phere and which are associated with the conditions
of atmospheric centers of activity and with the char-
acteristics of cyclonic activities in various regions
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of the globe, Therefore, naturally‘the;neceSSity“
arose for the utilization of "the newly acquired data
for prognostic purposes. . R o

A number of’investigations Were conducted in '
connection with that, which had the. goal of:studying
the causes for the occurrence, deVelopment,.shifting
and destruction of high altitude,tropospheric waves
in the hemisphere, and also to establish prognostic ‘
association between the characteristics of the waves
and weather conditions at the surface,. - o '

. The reésults of such investigations are applied
in the. USSR Z@hapter'VII,vVIII, Iz7zand‘in»the USA.

been developed on' that basis. These forecasts are
called "physical methods" by the authors. -They will-
be described in detail in Chapters X and XI. .
The weakest aspect of this trend is the inade-
quate development ‘of the ‘problem regarding the char-

liable prognosis regarding the high level troughs
and ridges., The errors inherent in the prognosis
of such new formations usually bring about serious
eérrors 11. the prognosis of the rate of motion involv-

ination of such errors., . L

Of ccncrete importance in the development of ,
these trends - is a more profound examination of the re-
lationshiPS‘between the field aloft ‘ang the ground
weather., The So-called objective methods available
at the present time /See Chapters X, XI/ are still
far from being able To resolve the existing problem, .
This apparently is one of the reasons why, despite
the proven quality. of the forecasts pertaining to
the high level pressurefield compiled in the USA the
correctness of forecasts of anomalies dropped
somewhat, In connection with this Namias correct-

of the.. circulation by neans of the .osocizted
' - weather conditions,". ‘ e
One of the important merits of these directions
which makes them perspective is the close association
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[in analysis ag well as in prognosficatio§7 of re-
gilonal processes with the brocesses taking place

throughout the northern hemispherg._ Such an or-

The degree of imperfection will apparently increase

in proportion with the decrease in the area involved
in the breparation of the forecast., The Possibilities
of these methods are invariably limited by a ceiling
which is very far from being perfect, 4

IX. Mathematical Methods. R |
An ideal.so;ution.for the problems of forecast-

ion and insufficient knowledge of the bPhysical nature
of many atmospheric brocesses angd phenomena,

Despite all that, during the bast fifteen or
twenty years considerable progress has occurred in
the problem being examineg here which wag basicully
Possible due to the work conducted by Soviet scien-
tists such as a4, A, Pridman, N, Ye. Kochin, I. 4,
Kibel, and ve, N. Blinova , The methods developed
on this basis will be examined in Chapter IX. C

important ang complex problem. _

Inasmuch as in familiarizing ourselves with these
methods we will have to talk of the Lcorrecthess. ... of
the forecasts by means of those methods it will be

~10-




first of all necessary to become familiar with the
basic questions of determlnlng the effectiveness of
methods and criteria involved -in the evaluation of
long-range forecasts. After that, basic methods
which are evolved and utilizeéd in .the USSR will be
examined in detail in Chapters VII, VIII and IX
while Chapters X-and XI will con81der methods which
have been developed and are used. in the USA.
Chapter XII will provide a brief survey of in-
vestigations and the problems and methods. being ex-
amined which exist in individual. countries of the
world in order to establish a better understanding

of the contemporary state of this. pzoblem and of the =

methods 1nvolved 1n 1ts solutlon.
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' CHAPTER VIII R .
'THE MACROCIRCULATION METHOD, OF LONG RANGE .
HYDROMETEOROLOGICAL, FORECASTS AGCORDING ™

G. Ya. VANGENGE '\ '

I. Initial Principles, . S
The InITIaT principles in compiling g method are
as follows:f_(l)< Physical regularities in the~develppment

forecasts for any region, Therefore an analysis and a
forecast must be evolved through a broad utilization of
both ground level ang high altitude charts of the entire
globe or at least of the entire northern hemisphere,

(2) 1In actual circumstances a general circulation of the
atmosphere is always represented in terms of its concrete
forms, Therefore, in a prognostic sense, it is very im-
portant to show these forms and to establish regularities
in its changes, Processes of the W, ¢, and B, established
by G. Ya. Vangengeym in 1939 and carefully examined in the
first part of his book (paragraph 1, Chapter 3) may be
utilized as such forms, (3) The forms of atmospheric
clrculation and the continuity in their changes being
observed during a given season regularly arise as a result
of the development of forms that were Observed in the
preceding seasons, Therefore, in order to evolve a method
for seasonal forecasts and in compiling such foreccs. 1t
1s necessary to conduct i multilateral examination of the
development of processes involved in the general circu-
lation of the atmosphere in the preceding period of

time (covering at least a 4 to S month term), At the

same time it is quite necessary to reveal both the forms
of progressive development (fresh evolutions) as well

as the degenerating forms which reflect features that

were observed in the processes Occurring in seasons that
preceded the current season, (4) Beside the regularities
in the continuity of the W, C, and R, forms,in the com-
pilation of long range weather forecasts it’ is necessary
to utilize as an auxiliary method,the analogues of the
pbrocesses of circulation that Occurred in the past years,
which permit the consideration of an over-sll effect of
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the interacting factors, However, it is necessary to
select analogues not by their external similarities

but by their genetic similarities, i,e, according to
features that reflect internal characteristics in the
development of the macroprocesses, ' Therefore, the

matter at hand here is the selection of circulation
homologs, (5) The basis of a method for long -range
weather forecasts evolved .a short period of time be-

fore publication must be formed by regularities in

the continuity of elementary synoptic processes (E.S.P.).
Inasmuch as the latter processes are stages of great-

er processes of the W, C, and F forms the study of
regularities in their changes must be conducted in assoc--
iation with transformations occurring in basic forms
of atmospheric circulation, It therefore follows that
problems of long range weather forecasts published well
in advance or:.on short notice must be resolved simul- . .
taneously and on the basis-of the same general principal
positions, — v 1 e -

II. Method of Long Range Forecasts Covering an Exten-
sive Period, R - Ce
1. Regularities involved in Seasonal Continuity
of Forms and the Associated Weather Characteristics Over
the Buropear Territory of the USSR, o
 The study of the continuity in the seasonal cir-
culation was started with winter seasons during which ‘the
processes of the W, C, or E forms received an anomalous
development in January and February. All winters which
had such an anomalous development  involving any one of .
the forms such as, for instance, the W form were selected
for that purpose, Then the Spring season (March, April
and May) were examined in every one of the selected years
and the type of .circulation that received an anomalous
development in every month of the ‘season was determined,
Furthermore, all winters with an anomalous de- -
velopment Of the easterly circulation were selected from
these same numbers of years and the further development
of such easterly circulations was studied, The regular-
ities in transformations of the winter meridianal cir-
culation were also established by an analogous method,
The results of the investigations.of the continuity of
winter circulation are thoroughly examined in the fol-
lowing works: : : ' '

Vangengeym, G. Ya., Opyt Primeneniva Sinon-
-ticheskikh Metodov K 1% o T ReTaRtere T
istike Klimata (Hxperience In the Applica-
Tion of Synoptic Methods in the Study of the

-13-




Climate and of its Characteristics), State
Publishing House for‘Hyd:ometeprologiCal
Literature, Leningrad, 1835, -

-+ Vangengeym, G. Ya. Trudx'GGI (Works of .
the: State ﬁydrolog{calalnstitute), Issue
- 10, 1940, L oo : O

. Vangengeym, G. Ya., Izvestiya AN USSR, Ser—.
iya Geograf., i Geofiz. (News of the Academy .
of Sciences USSR, Geographical and Geophys—. -
ical Series), No. 3, 1941. . T .

_ Later G. Yas Vangengeym established regulari-
ties in the continuities of circulation from Spring
,(April)_ to the Summer, and from the Summer fJuly and
August)  to Autumn. o -
_ The table given below cites data regarding the
transformations involved in circulation that occurs
from season to season. The examination of that table
indicates that the transformations occurring in -the
circulation have the following most common features:
Regardless of 4sS€ason during which westerly circula-
tion received an anomalous development during the ,
following season it has = tendency to be replaced by
an east:rly circulation. (.) Processes of the eastern
form that received an anomalous development in any of
the seasons that were examined have g tendency to be-
come meridianal in nature by the next season, (3) Pro-
cesses of the meridianal form of the initial season
as a rule receive strong development during the sub-.
sequent season., o . o
A more detailed characteristic of these trans-
formations with the consideration of additional com-.
ponents and different varisnts may be gleaned fronm
the following table as well as from these works J{See
Thlel) Vangengeym, G. Ya., Izvestiya AN USSR, Seriya
- Geograf, i Geofiz, (News of the Academy of
‘Scilences USSR, Geographical and Geophysical
Series), No. 3, 1941. - '

the Central Administration of the Hydrometeor-
ological Service USSR), Series IV, Issue 3,
L1941, L
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The regularities cited above were derived for
use in cases where the initial season contained an
anomalous development of one of the three forms of
circulation. However, such cases do not encompass
all types of initial seasons,

There are frequent cases also, where the two
forms receive a simultaneous anomalous development
in the initial season guch as W. and C, W and E, or
" F and C. In such cases the initial season relates
to combinations of W+ C, W + E or E + C circulation.
The successiveness of such circulation from season
to season was also studied by G. Ya. Vangengeym. The
results were published in the following works.

.. Vangengeym, G.: Ya., Trudy GGI (Works of the
State Hydrological Imnstitute), Issue 10,
1940.

Vengengeym, G. Ya., Izvestiya AN USSR, Ser-—
iya Geograf. i Geofiz, (News of the Academy
of Sciences USSR, Geographical and Geophys-
ical Series), No., 3, 1941

‘., TVangengeym, G. Ya., Trudy NIU GUGHS (Works
of the Scientific Research Institutions of
the Central Administration of the Hydrome~
teorological Service USSR), Series IV, Issue
3, 1941.

The regularities in the continuity of seasonal
circulation examined above have a direct prognostic
significance,as by knowing the type of circulation
occurring in the initial season and utilizing the
table given immediately below, it is possible to pro-
vide a forecast of the type of circulation which will
receive an anomalous development during the subsequent
season., This also resolves the problem of forecast-
ing the general circulation background (macroprocesg)
of the forthcoming season.

It is logical to consider that with the presence
of certain regularities in the development of the
forms of atmospheric circulation from season to sea-
son,a regular development of certain weather charac-
teristics must also take place,which are associated
with the form of seasonal circulation that was fore-
cast. For verifying this, as well as in order to ob-
tain possibilities for shifting the seasonal forecast
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Charts showing the vrobability (4) and the
probebie velues (B) of a positive temperaturs
aronaly durding the month of April following = -
winters with a westerly clrenlation. E
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of the macroprocesses to a forecast of the
weather conditions, G, Ya. Vangengeym con-
ducted the following statistical processing
of the material that he previously used for
the compilation of the continuity table
cited above, The nature of such process-
ing will be 1llustrated on the basis of an
example showing the transformations of the
western winter circulation into an eastern
Spring-type circulation, :

During all years in which the winter
was characterized by an anomalous develop-
ment of westerly circulation April was, for
example, studied with respect to weather
characteristics observed during that month
(anomalous temperature and amount of
precipitatlion over Furope and the Furopean
territory of the USSR) as well as phenomeéna
associated with them (thawing of rivers,
the degree of freezing of the Barents Sea,
and other phenomena), For that purpose
the extent of the anomalies at every
station was extracted from the charts de-
picting the anomalous temperatures occurr-
ing “uring every April of the selected
years, After that a compilation was made
of the number of instances where, for
example, an anomalous temperature was Ob-
served during April at a given station,
such a compilation was made for every
individual station, The resulting figure
was expressed in percentage of the over all
number of instances and the percentage was
entered on the blank by the point depict-
ing the position of the station, after
which the isograms were drawn,

A typical chart depicting the prob-
ability of a positively anomalous ailr
temperature during April after winters
with westerly circulations was derived,
This clart is shown by us as chart A
below,

The chart indicates that a compara-
tively large territory is encompassed by
the 100% isogram /See Notef The area before
the 100% line indicates the possibility of
negative anomalies in thils area during
April, Therefore those regions where the
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probability of positive anomalies 1s less. than -
50%,negative anomalies are most probable, In .-
regions located clas e to 50% isogram,temper- -
atures valued close to the norm are usually - .
observed, : L T

- . /Tot&/ with the addition of new yesrs
this prébabIlity in certain regions may
“diminish somewhat,while in other regions its
probability may increase, - AR
A chart depicting the probability of
. precipitation below normal for April was
compileéd in an analoggws manner (See c¢hart

C). Such a method was also used to produce

a chart depicting the probability of negative
deviations from the normal periods for the -
- thawing of rivers, -See charts C and D’
‘shown below, The probabilities close to

100% cover an extensive area of the Furopean
portion of the USSR on these charts as well,
This objectively proves not only the pre-

sence in nature of . regularities In 4ie convine
uity of the- W, C, and E forms that were ex-
amined above, but also the general similarity

Tooof tY. years that have become a part of the

typical groups, In addition to providing a
possibility of shifting from a seasonal fore-
cast of the macroprocess to. the forecast of
weather conditions, — : ;

.Therefore, using charts A --F as well
as by using analogous charts for the month of
May, it is possible to assert with a great de-
gree of certainty that after winters with
westerly circulation the possibility of an
early and warm Spring and an early thawing
of rivers in the FBuropean part of the USSR
is likely., A lower level of precipitation dur-
ing April in the sourthern portion and over the
major part of the territory during j;ay is also
probable, :

The charts that were just examined
provide the possibility of compiling only a
background forecast, that is a forecast pro-
viding a value of the probable anomaly. EOow-
ever, for practical purposes it is desirable
to also have data regarding the probable de-
gree of anomalies, In connection with that,
charts showing probable degrees of the exam-
ined anomalies were compiled, They could be
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drawn by averaging out the values for every given
station on an individual basis for those months;
of April where the anomalies were positive )
and instances of negative anomalies separately,:
However, in that case, at the stations where the
probability of positive anomalies, for example, is
below 100%, anomalies of other values would not be
reflected in the average values, whereas théy. could
easlly exist during the period covered by the fore-
cast, Therefore, probable values of anomalies for
every station were obtainel as average. values for all
those instances that entered into a given typical group,
These charts for April are shown under charts B -- F
above, - : : . .
We have shown charts for only one spring month,
after winters with westerly circulation, Charts for
April following. winters with easterly circulation
and winters with meridianal circulation were drawn
in an analogous manner, They are all shown in the
following work: Vangengeym, G. Ya,, Izv., AN SS3R,
Ser, Geograf, i Georiz,, (News of the Academy of
ciences » Geographical and Geophysical Series),
No, 3, 1941,

Such a series of charts for the European
territory of the USSR were drawn for forecasting
weather during summer months after springs with W,

C, and E types and for the autumn months after various
types of circulation occurring during the summer seas-
on as well as charts for instances of initial seasons
that are characterized by a combination of cirecul-
ations, This collec.ion. of charts permits the accomp-
lishment of regular forecasts for the indicated elem-
énts and phenomena fcr the impending season on bhe
basis of the form of circulation characterizing the
preceding season, .

In order to verify the certainty of the given
method of forecasting, G. Ya,. Vangengeym utilized
the cited charts showing the probability and probable
values for compiling forecasts for every season of
the past years (1891 to 1938), The results of this
verification are cited in the following two tables:
(Please see tables 2 and 3 below) :
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From these tables it is évident that the average certalnty of the
errors not exceeding’ 20% of the many-year amplitude is. 775, in the
forecasts of precipitation during Aprll which increases the.cerw
tainty. of the weather forecast by 19%. The methodical m“fec’c:‘i.ve..
ness of forecasts covering the month of May is equal. to 15%.

The effectiveness -of forecasts for the thawing of rivers
and the degree of freez1ng of the Barents Sea are close to these
figures also. :

Forecasts of temperature anomalies were verlfled only
partially. Thelr certainty for April was equal to 84 8% and -for
May it was 77.2%.

The verification of operational forecasts for 1939 to
1942 indicated that their success is close to the data cited above.

One of the concrete merits of the method being examined is
the fact that the certainty of forecasts fluctuates quite insig-
nificantly from decade to decade. This verifies the stability
of the relationships in time and consequently the existence of
possibilities for applying them in the compilation of forecasts
during different stages of the circulation.

2 ?egularltles in the Transférmation of the W, C, and &
Forms and Distribution of Pressure and Temperature Anomalles in
the Northern Hemlsphere.

In recent years (1952 to 1957) G. Ya. Vangengeym consider-
ably extended the prognostic relationships that were previously
obtained, and plotted charts depicting possibilities and probable
values of pressure anomalies, temperature anomalies and average
pressure for almost all of the northern hemisphere for everyone
of the five-month periods that followed a specific initial trans-
formation of the macroprocesses.

The principal difference of thls stage of investigations .
from the preceding one consists of the fact that the initial type’
of process in this case (W, C or E) is examined along with the
consideration of its preceding history, that is, as a stage of more
protracted transformations of the W, C and § forms. :

We have already indicated on more than one occasion, in
the first part of the book (See paragraph 1, Chapter III, and
paragraph 1, Chapter V) that under actual circumstances, the W,

C and ¥ processes contain differences, the weather characteristics
of which at various regions may differ from the typical charts
cited in Chapter III. paragraph 1. The occurrence of these
differences was explained by the fact that the process of the

same form may be encountered in a series of different, longer
transformations in the W, C, and E forms, i.e., may be recorded
by us in the various stages of transformation.
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It, therefore follows that consideration of the proceoses
that precede the initial one permits a consideration of not only .
the form of the process that received and anémalous development
but its variety as well, in the selection of the initial situation.

The initial process (W, C, and E) was determined in the
following manner. The transformatlons of the W, C, and E forms:
were traced by means of the catalog, and perlods of time when one
of these forms (for instance W) remains stable for not less than
10 days, were selected. Then it was necessary that the form of
eirculation preceding the given process also be stable and remain
in effect for not less than 10 @ays,

Investlgatlons have revealed that if a process taklnv :
place in a'given form remained in effect for over 10 days, it
most frequently encompassed the major part of the month, There-
fore, the initial processes and those preceding the initial pro-
cess may be characterized with average monthly values of neteo-.
rological elements and of their deviations from the norm. [See
note] After analyzing the entire period from 1891 to 1956 G. Ya,
Vangengeym evolved six basic types of initial transffrmations;

W that evolved from E, W from C, E from W, E from C, C from W,
and C from E, T%ach one of these initial transformations ineluded
six to twelve instances. In addition to that a series of groups
were revealed where a combined form of circulation took place
either during the initial month or durlng the month preceding the
initial one ,

[Note:] It is necessary to utilize monthly averages as
all the data pertaining to characterisites of the pressure and
thermal fields for past years are based on months., The plotting
of charts according to pe»*ods of similar circulation is a very
difficult task and was not accomplished during that stage.

In all cases the macroprocesses (types W, C, and E) were
examined in all of the initial situations (for 1nstance, W from
E) entering into a given group, which occurred in every one of
the five uccessive months. It turned out that in all cases of
a given group certain regularities in the changes among forms
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Wy, C, and E are noted from month to month over a
period of fivestecossive months, This permitted
a statistical processing of data for every. group as
well as the plotting of 'a graph show1ng the. recur-
rence(transformatlon) of the W, C and E forms-dur-
ing a five month period after the initial condition.

After that, maps showing average monthly tem-
perature- anomalles, pressure anomalies arnd average
pressure northern hemisphere for the correSpondlag
months in &all - ‘cases entering into a given group
were I matehed. .. Lt turned out that the charts
plotted for some of the months preceding the initial
ones were analogous in their main features. ,

The wvazlueof the anomaly in the various sguares
for each month is determined on the basis of anomaly
charts for every incident that entered into a given
group. If the entire square or the major part of
its area is occupied by a positive anomaly then the
given square will have the sign "+". If a negative
anomaly took place then the square containg "-",

Then the number of plus and minus (+ and =) were
computed individually in every square and the per-
centage expressing the total number of instances was
calculated and entered in the middle of the square,
Isograms were drawn according to data obtained through
all these squares., As a result a chart showing the
probability of positive (br negat1v§ temperature
anomalies) (ir ‘Pressure anomalles) f@r g given month
was evolved. ‘Such charts were ror the month preced-
ing the initial one or for the initial month as well
as for every one of the five months after the 1n1t1a1
one for a given group (" from EJ,

The statistical processing of the recurrence of
the Wy, C'and E forms as well as the distribution of"
anomalies over the hemisphere for the remaining groups
of initial conditions (W from C, C from W, C from E,
E from'C, E from W and ‘others). Charts for trans-
formatlons of W from E and W from C are conualned in
works by G. Ya. Vgngengeym.,

An examination of all the series of charts indi-
cates the following:

1) The distribution of pressure and temperature
anomalies over the hemisphere within an initial W
circulation that originated from an E type, and with
the W that originated from C,have concrete differ-
ences in a number of regions” of the hemisphere. In
connection with that the course of the further develop-
ment of macroprocesses gﬁhring a five-month period
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after the initial month) as well as the changes
from month to month in the weather conditions are
also different, This indicates that in selecting

an initial condition it is not enodough to just es-
-tablish the form of circulation, It is necessary to
also consider the process that preceded it,

2) Considerable areas in the northern hemisphere
are covered by the 1004 probability lines amd those
close to it, This not only provides a basis fop the
utilization of the resulting charts in compiling
forecasts for five months ahead but proves the preées-
ence of definite regularities in the development of
W, C, and E forms over a period of five months aftep
the initial month Preceding the condition or state
determined by the above method, ‘ e

.8) A distribution of pressure and temperature
anomalies over the hemisphere for the next five
months clearly indicates the process and stagés in-
volved in the further transformatioy of the initial
form of circulation, regions where violations" of the
initial process.first occur, L

4) Years that form part of each group may be con-
.8idered as homolog-years, Therefore if we, for in-
Stance, recorded a "fresh" transformation of W from
E in an operational order that arose during a g%ven
season t;?n the corresponding series of charts group
W, from E/ may be used for the compilation of a back.
ground forecast for five months ahead., Having re-
vealed which of the homolog years most closely re-
sembles the current year, it is possible to utilize
its charts for refining this background forecast in
- those regions of the heriisphere where the group charts

show a probability value considerably below 1004,
: New prognostic associations for the hemisphere
have materially supplemented the former assdociations,
If th. winter (January, February) fortexample, is chavw-

- acterized by anc anomalous development of the form
of process, thersaCCOrding.to'former associations
the Spring will be marked by an anomalous develop-
ment of processes of the B form, Such a forecast
may be made more precise on the basis of the new
associitions, For that purpose it is necessary to
determine which process {E or C) led to the ocoun-
rence in the past (i.e, in December) of the W.form

- in January, After that a correspond ing series of
charts (W from E or W from C) are taken as well as
‘graphs showing the transformation of W, C, and & forms
for the following five months, Then they are matched
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for the corresponding Spring months with data given
in the table on the continuity of basic forms of at-
mospheric circulation from season to season cited
earlier in this book, (Table 1). :

The asgociations examlned above have a prohable
character, Thereforethey may not always .correctly
indicate either the development of macroprocesses in
the forthcoming months or the weather characteristicsfor
especially those regions where the probablllty is con-
siderably below 100%. in other words, it is poszinle
that when in the initial seasm, for instance during
the Winter,when processes involving the W forms are
developed in an anOmalous manner and by Spring they
are replaced not by the E formyas it should be ac-
cording to the regularities in the continuity (table
1 above) ,but by the C form, In this case the dis-
tribution of temperature anomalies for precipitation
and other elements in the -forthcoming
Spring will not correspond to the type of distribu-
tion which should have taken place according to the
charts cited above, It therefore follows that it 1is
necessary to have additional criteria which would permit
a consideration of this peculiarity in the transform-
ation of the circulation during individual years that
are diffc-ent from the many year normal) scheme of
continuity; this is necessary in addition to the prog-
nostic associations examined above, These additional
criteria will be examined in detail later, Here we
devote our attention only to the great significance
of the probable associations cited above desplte the
fact that they do not always guarantee accurate
weather forecasts, In addition to the possibility of
using them in compiling a background seasonal forecast,
their significance also consists of the fact that they
indicate the most likely (normal) trend in the develop-
ment of the macroprocessand the associated weather con-
ditions for the subsequent season after their gpeciric
condition in the past season, The significance of
these leading regularities permits the forecaster to
make a proper evaluation of whether the transformation
in the circulation in a given specific season is
normal or abnormal, For instance, let us assume that
in the initial winter season the i processes were de-
veloped an? according to the supplementary criteria

(see below!) we obtained an indication of a possibil-
ity that by Spr ing, processes of the C form will
develop., This indicatés that in the given specific




A chay showing changes in surface pressure wit

h the transformation
of W into &, ' .

A chart showing changes in surface Pressurs with the transformation
of W into Co -
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year we are dealing with an unusual development of
the macroprocesses, In such cases it is evidently
necessary to conduct an especiglly thorough aralysis
of all data that would permit a forecast of the ex-
treme instances, R S

3, Consideration of the Peculiaritiés in the-
Transformation'bf Forms ©of Atmo spheric Circulation
During Specific Years, R IR

Above, we have pointed out that in'utilizing
the previously examined po ssibilities of prognostic
associations thers may be cases where the character-
istics of the transformation of the seasonal circula-
tion will differ from the normal scheme of continuity,
In order to be able to compile a forecast of these
cases and a8l1s0 to be able to have an opportunity to
consider possible deviations from the normal scheme.
during specific years where the processes are develop-
ing in a ‘normal direction the following supplementary
methods are used* ' : o :

al! The observation of characteristics involved
in the exchange of air in the northern hemisphere as
well as the consideration of the interaction among
processes taking place in its various sectors,

b) ‘A selection of homologs of circulation for
the proce.ses that are observed over a period of four
to five months preceding the season covered by the
forecast. B -
Let us now stop on a more detailed examination
of each one of these additional criterila, ‘

In matching charts showing the distribution of
pressure anomalies that are observed under the V, C,
and E forms (see illustration above) their main dif-
ferences may be noted, The differences between charts
showing the W and B forms are especially evident isee
illustrations above) where the distribution of ‘the anomak-
ies is almost directly opposite: with the W form the
lack of air masses and polar and pre-equisorial regions
and the surplus of it in the tropical regions 1is evid-
ent, It therefore follows that in the transfomation
of the W form into an E form a specific exchange of ailr
must take place in the hemisphere, -Specifically a shift-.
ing of air into pre-polar and pre-equitorial latitudes :
and a movement of the air masses out of the subtropical
regions.

In order to present the nature of alr exchange
that takes place in the hemisphere with the transform-
ation of the W form into the T form in a clear manner
the following method is used: pressure values de-
rived from a typical chart showing the W form are
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subtracted from the pressure values from a. typical form I chart,
The resulting pressure differences are plotted on a blank by as-
signing it a special sign and lines are drawn between similar dif-
ferences (red color means negative, i.e,, decreasing'pressure;.ﬁ'
and blue color means positive values, i.e. an increase in the sur-
face pressure). ' This type of chart is called a shart showing
change in pressure observed in the transformation of the W form
into the B forim or briefly a chart showing the transformation of
the W form into the % .form. This chart is shown as chart G given -
below, Charts showing the transformation of W form into the C
form (see chart H below) as well as charts for other types of
transformation (C into E, C into W, E into C, and E into W) were
also derived in a similar mamner [See Note], f -

(Note:] Investigations have shown that in a region where -
there are rising pressure areas, areas of pesitive anomaly of
pressure are formed and the opposite takes place ‘in areas of de-
creasing pressure - a negative anomaly, ‘

The comparistn between charts depicting transformation
of the W to the & form and the W into the C form indicates major
differences among the air exchange characteristics in the hemis-
phere these two different types of transformation of the same form
(see charts G and ¥ given below), Therefore, it follows that,
if during a .ertain period of time (for instance a month) proces-
ses of the W form are observed while the change in pressure from
day to day will indicate an expansion of that form in the region
of the Aleutian Islands and fngland, a drop over the European
portion of the USSR and western America, in that case it means
that the processes of the W form change in such a manner that they
will in the future be replaced by the C form. If the pressure
changes correspond to chart G given below showing the changes [ .
the surface pressure with a transformation of the W into the E
form. This will then mean that signs involving the evolution of a
new form (E) is taking place in the background of the existing
process which after a period of time will go back to the W form,

4s already indicated in paragraph 1 of Chapter III the
transformation of processes from one form into another does not
occur at the same time over the entire hemisphere, Features of a
new form may at first oceur in one part of the hemisphere, then
due to the interrelationships and interdependencies of the process
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they may appear in the other regions of the hemis-
phere after after a period of time., PFor example in
the transformation of the W form into the C form the
high level ridge’ {lock may at first ococur along the
Aleutian Islands meridians and later in:the Atlantic
Ocean, = . ' L e o
Aceording to investigations conducted by Neamias

the transfer of disburbancew from the Pacific 1o the
Atlantic Qcean occur approximately on the fifth or
seventh day. : SR
- . Therefore by constantly watching the character-
istics involved in the exchange of air taking place
in the hemisphere and comparing it with. the trans-
formation charts,and also after studying the regular-
- ities and interactions of the processes within the
hemisphere,it is possible to forecast the trend of
the . transformation of the initial form. That is,
where the initial form W will become transformed

into the C form or the E form, etc. -A knowledge of
this has an important bearing, not only for making
the seasonal scheme showing the continuity of the W,
¢ and E forms more detailed and precise, but also for
a timely amendment of the forecast already in effect,
if it proves to be incorrect., This guestion will be
discussed in more detail below. S
A At this point we will examine how it 1s practical-
1y possible to observe the characteristics of the
change of air in the hemisphere over prolonged periods
of time. This problem could be solved by plotting
daily isallobar charts. Such a method however is
unsuitable for‘analyzin%lpressure changes oOver pro-
longed periods of time :‘several months) . The annual
. course in the changes of pressure in this case could
conceivably overlap the changes in pressure produced
by a given macroprocess which would not permit the ¢on-
considératich of features inherent in the latter that .
are peculiar to the specific seasons.’ R

g In connection with that G. Ya. Vangengeym pro-=
posed a method for plotting integral curves of daily
pressure anomalies. They were plotted in the :follow-
ing manner, Daily data pertaining to pressure were
compared with the monthly norm for egch individual
. station and deviations from the norm were determined

which were then algebraically summarized. The values
of these sums were plotted against ordinate axis and
the days were plotted along the X.axiss A curve
. was drawn along this data which is known as the in-
tegral curve., During periods When'jhis“curve was
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rising the pressure at the station was above normal (positive:
deviations were forming), ' During periods when it was drop-
ping the pressure was below normal,. If the pressure was equal
to the normal level zero deviations were totalled and con-
sequently the curve followed g course parallel to the - x .
axis, The inclination of 'the curve towards the X.axis @  axis
characterizes the intensity of the increasing or decreas-

ing pressure, : T . _ ST

and to utilize pressure that represents an average for
every day according to the ‘data of this group,
Therefore the integral curve provides a visual re-
presentation of pressure changes in time st a given station
in terms of its deviation from the monthly norm, Therefore
the influence of the annual course 1is here excluded ,and the

stations to be used in the compilation of integral curves

O0ccurs during the transformation of the W C E Forms, In
order to answer this question let' ns once again refer to
therts G and 1 given above, From them it is evident

hémisphere ,there are large regions having a similar change
in pressure (increase or decrease), The extent of these
changes is greatest s +the center of the indicated regions
and it is smallest along their peripheries, In plotting
integral curves it is nt ursal therefore to select points
in the central portions of the aresgs under examinatiua,
Then the changes in pressure in those areas will character-
ize the entire region having similar changes and in its
dimensicihs it will be maximal, In order to reflect the
minimal changes 2lu0 - ,it ig possible to take points on
the periphery of the indicated regions as well, The com-
bined value Of the curves for the selected points in this
case will satisfactorslly characterize the basic features
inherent in the change of air within the hemisphere under
circumstances where the W Form changes and the T Form and
the W Form changes into the C Form, :

- In order to characterize other types of transform-
ations additional points were selected from the central
areas of the regions with increasing and decreasing pressure,
that were peculiar to these transformations, It turned out
that the predominant majority of these points were located
in the same regions of the henisphere which were already
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into the B form and the W into the C Torm., T
‘As indicated above (Paragraph I, Chapter III) -
typical pressure charts are plotted on” the basis of a -
comparatively limited number of months during which an
exceptionally strong development of the processes in-
volving a given form took place. In order to verify the
degree of representativeness of the selected points on
the basis of material that encompasses all types of pos-
sible transformations the author conducted the following
work., Charts showing anomalles of the average monthly
pressure for all months from 1891 to 1955 were examined,
A dot chart was plotted by entering the centers of all
areas with positive and negative anomalies that were
observed in every one of the indicated charts., Further-.
more the number of dots in every ten degree square was .
counted and these figures were used to draw the Isograms,
Tt turned out that the maximum number of centers was Ob-
served in those regions of the hemisphere which contained
the dots that were selected earlier on the basis of
_ transformation charts used in the plotting of integral
curves, :

selected as indicative for the transformations of the W

: This climatological processing of the material was
used to prove the representiveness of the selected ten .
dots, /See “lote/ which are seen in an 1llustration given
in the first part of this book, This illustration also
gives a schematic representation of the basic troughs and
ridges peculiar to the ¥, C, and E Forms in the troposph-
eric layer. A cOmparison among them -proves that the major-
. ity of the dots are situated under the indicated ridges
and troughs, It is therefore understandable why the.
maximum changes of pressure and the predominance of the.
W, C, and E Forms are observed specifically in these re-
gions of the hemisphere, They occur because it is in
this. area that, when the E Form transforms into the C
Form, for example, a major reconstruction of the fields
takes place throughout the tropospheric layer (and ac-
cording to the available data in the lower  stratosphere)
which leads t0 a gybstitution of ridge with a trough
or a trough with a ridge., Inasmuch as the surface pres-
sure'is the weight-of the air column, the reconstruction
of the high level fields must also be inevitably reflect-
ed in a change of surface pressure which is recorded by a
corresponding course of the integral curves,
: 4Ebte7MoreAprecisely, ten groups of dots,

‘ Ther&fore, it is possible to see which regions of
the hemisphere have a rising pressure and which regions
have a decreasing pressure,on the basis ©of the integral
curves,
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By comparing the course of these curves with the transform-
ation charts (see gharts G and ¥ that arc above ) 1t is pos-
sible to form an idea regarding the direction of the .
transformation involving the initial form and also to de-
termine the regions of the hemisphere where the features

of the new form initially occurred and to observe the
movement of these disturbances into other regions of .the
hemisphere, ' _ '

‘The selection of circulation homologs, In order
to’illuStrate“the»manner'of selecting homologs let Uis as-
sume that it is necessary to select circulation homologs
for a period from October to February of a certain year.
For this purpose it is necessary: 1)  to separate the
chtinuously‘OCCurring macroprocesses into elementary
synpptic processes(E S P ). The name of eachT™ S P 1is
established, and classified according to one of the
three forms of circulation W, C, or E by using typical
cumulative kenomatic & S P charts that are cited in
Vangengeym, G. Ya, Opyt Primeneniya Sinopticheskikh
Metodov k Izucheniyw T Kharakteristikée KIlimata (Experience
in the Application O0f Synoptic MeEnsds in The Study of
the Climate and of its Characteristics), State Publishing
House for Hydrometeorological Literature, Leningrad, 1935,

2) tt is also necéssary to plot a graph of integral
curves fcr the period from October to February of all
ten dots (in different colors). A "linear representation"
of the W, C,and E types are graphically represented along
the axls of the abscissa of this graph where the days and
months are entered, The periods occupied by the processes
Oof the W Form are paiited with a red color, the processes
of the C Form are colored blue and the processes of the
E Form are colored gresn.

3) It is necessary to compute the number of days
in every-month (October through February) - - ozcupied
by the W C,E Forms and to compile a scheme showing their
continuiﬁy from month to month, Let us assume that it
turned out to be as follows:

October November December January February
Woy 77 intoE  C imto C dnto W C dnto W
20 M1l 25 5 31 21 10 28

The numbers below the letters indicate the number
of days during which the given form took place in the course
of the given month,
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~ 4) BY. using a catalogue of the W C & types com-
piled for all days beginning with 1891 to find autumn-winter
seasons during which a continuity of the W C E types was
observed similar to the one that took place during the pre-
ceding period (October to February) e ' ‘
5)Todefrine one of the following transformations:

W from B, W from C, E from W, E from C, etec., In
the interim between October to February and to refer to the
corresponding series of charts for a given transformation
which : ¥uS discussed in detail under number 2 of this
paragraph. Years tlat entered into the corresponding
group will also be homologs both in the initial month and
in the month preceding the initial one as well as in the
following months, ;

6) TO mgtch  the homologs selected under section
4 this paragraph according to the course of the integraal
curves during the period from October to February and ac-
cording to the continuity of changes taking place in the
B S P, noted in the linear representation of the W CE
types, This is practically done by superimposing the
graphs plotted on tracing paper for the preceding autumn-
winter season over the analagous graphs of these seasons
of the preceding years,

7) To match the year-homolog selected in sections
4 5 and 6 of this outline with a distribution of pressure
and temperature anomalies in the hemisphere for every month
from October to February which is comparable with the dis-
tribution of the anomalies in the initial autumn-winter
season, October-February, Those that best match the
initial one in the distribution of the indicated anomalies
over the hemisphere are reserved for future analysis,

8) To carefully study Ahe weather conditions
(temperature and pressure anomalies] , the predominating
wind conditions etc.,) in all of the homologs selected in
paragraph 7 of this section, for the region of the hemi-
sphere for which the forecast is being compiled, In doing
this special attention is directed in that the degree of
similarity the weather conditions are observed from October
to April in that region and that weather conditions that
occurred here during the corresponding months of the year-
homologs,

9) To analwe an epoch, 8 to 10 years, directly
preceding the year which includes the season covered by
the forecast, For that purpose the course of the integral
curves, the diurnal pressure anomalies for ten dots and
the course of the curves showing the recurrence of the
W, C and B Forms and the % , Mj and Mp types are traced
on graph paper from the graphs of the many year course of
the integral curves for the indicated 8 to 10 year period,
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Matching the integrul curves plotted on the tracing
paper with the corresponding many year integral curves,
epochs that are analagous to the initial epoch over a . .

‘period of 8 to 10 years are found in previous years of'_

the epoch or even just .for five to six years, The
year following such an epoch 1s considered a homolog
for the year which includes a season to be covered

by the forécast, It is, usually possible to find
‘ threelto four such homologs,

10) To once again revliew the homologs selected

- in paragraph 8 of this section and to establish whether

they include a year or years selected in paragraph nine
of this section as homologs for the year, If such
homologs are found they are especlally marked as they

- are analagous to the 1n1t1a1 one not only in the pro-
- cesses Of the autumn-winter season, but according to the

circulation background of the year which contains the-
se seasons, as well as according to the circulation

_”bachround of the epoch which preceded this year,

11) In the homologs for the years selected in
paragraph nine of this section, the types of processes
and the weather conditions during months from October

“t0 February must be reviewed and matched with such

processes for the initial autumn-winter season, The

‘possibilisy is not excluded that some of :them are anal-

agous even in this period of time but were missed in
the preliminary selection of the homologs (stages 3
to 8) o

ke 2 ueﬁh@i oe Ck‘)liplllnb ', POr c st for theSpring
~BeLlow we WilT séhematically €xamine the basic -
stages for compiling a forecast for the circulation
and weather conditions for the period from March to

"June using the regularities in the continuity of forms

as well as additional. criterla. These basic stages
are as follows, B

1) The form of the MacrOprocess (Type W, C,
or F) which developed in an anomalous manner in * Janu-
ary and February is determinel on the basis o6f the
breakdown of processes for October and February that
was accomplished, .In our example these: were processes
of the westerly (W) Form,

2) On the basis of the table given above’ showing
the continuity of basic forms of atmospheric circulat-
ion from season to season.the form of circulation is
détermined which should occur in the spring, ‘In our
example after a winter with the W Form processes of
the E Form will recelve an anomalous development by
spring (in April E plus W and in May "purely" E ‘Form. )
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3) The types of processes taking place in Decenber
are examined to determine the form that gave rise to the
westerly circulation during Jamary and February, " In our
example it originated from the C_Form...Consequently,'we
consider the transfcrmation group of. W from:¢, Circulation
of the W Form during Jamiary relates to the- Initial macro-
porcess and the December Processes relat e to the macroproces-
ses that preceded the initial one, Then the month following
the initial one will be February, the second will be March,
the third will be April, the fourth will be May and the fifth
will be June, - o S -

In order to verify the fact that January corresponds
t0 the initial month in the W from the ¢ group and Decembern
to the month before the initial one the charts showing

distribution of Pressure and temperature anomalies over the
hemisphere for these months are compared with group anomaly

4) o©roup graphs showing the change in the number of
days with the W, C and E Forms (graphs showing the transform-
ations occurring during a five month period after the
initial month) are considered and a number of days with each
one of these forms during February, March, April, May and
June are determined, The forms of circulation that fall
into April and May are compar ed with the forms of circulation
that wer . earlier predicteq (Paragraph 2 of this section)
for these months,aCCOrding to the circulation of January and
February (according to the table given earlien showing the
continuity of basic forms Oof circulation fronm season to
season), while the forms Occurring in February are com-
pared with those actrally observed'during a given month of
the current year ., v . ,

In case of a divergence in the forecast of e~ppg
for these months;_thevproblem 1s finally resolved on the
basis of the consideration of circulacion homologs (see
below', The forecast of forms for February-June is com-
piled on the basis of group data of W from ¢ and is then .
made more precise with the aid of the homologs,

~ &) The komologs for the Processes of the autumn-
winter season’(October-February) are selected by a method
which was explained in detail above, ‘ ,

6) The forms of circulation that were Observed in
every month from March to June are studied in the homologs
selected ‘in paragraph 5 of this section, At first all
the homologs are compared with each other in both the
general scheme of continuity of the W,C and E Forms from
March to June and in the number orf days with these processes
for every month, ' o L
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” Let ‘us suppose that all the homologs. turned out
t0 be condordant among themsélves, Then they are com- -

pared with fomhs that were already forecast for these

months in paragraphs 2 and 4 of this section, Let us as-
sume’ that' there are similarities in here as well, In

" that case, we'll make a deduction that this year the dev-

elopment of process from. winter to spring will procede in

‘a-normal direction, Next, the number of days (individ-

ually for every form) which were observed for example in
March of .the homolog years and on the basls of the group

" graphs of the W from the C group is averaged out, This

will then be the final forecast for the number of days
with W, C, and B Forms for March,
~+ 7 An analagous method is used to compile the fore-

cast of forms for the remaining months up to June,

However in matching comparable homologs with those
obta ined in paragraphs 2 to 4 of this section by a prob-
able forecast, material divergencies may occur, In that
case a conclusion is made that during a given year the
processes from winter to spring will develop not in ac-
cordance with the many years scheme of continuity. We
are then dealing with an extremum,., Then the forecast of
the W, C, and E Forms for every month is compiled as an °
average number of days from all of the selected homologs,

Her~ we give a preference to the homologs as they
consider the peculiarities of transformations taking place
in the giveén years (from October to February) which could
have been evened out in .the statistical processing of
instances that entered -into typical groups of former and
new associations, . : o C '

‘A third variant is also possible wherein homologs
are not similar but are divided into two groups, One of
thém yields a continuity that is analagous to the one
covering a many year. period, and.the other radically dif-

“fers from it., ‘In this exceptionally difficult case the

first additional criteria is used, that of considering
the interaction of processes and the nature of air ex-
change over the hemlsphere (see above) during the month

‘directly preceding the one covered by the forecdst (in

our case, February). . ‘ R
' For that purpose the genesis of the W Form (for

" Pebruary) are carefully studied on the basis of integral
“curves Of daily pressure anomalies as well as by the

nature of the E. S.P. Let us suppose that the processes
of the W Form during February are altered in such a man-

‘ner that they must be replaced by processes of C Form in

March., After that we study the forecast for March on the
basis of both groups of homologs, While doing this in or-
der to obtain a final forecast we dwell on that group which
dur ing March was characterized by an anomalous devel opment
of C Form,
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the probabilities and probable Valqgs:ﬁparagraph 7 and 8
of this section). The . comparison is fir st conducted on g
hemispheric scale and then particularly thoroughly for the
région for which the forecast is being compiled, o
In‘a case where the homeologs are similar both on

& hemispheric scale and for the region coveréd by the fore-
castin'the'weather conditions but differ from the .
probabilityfchart, the forecast is compiled by averaging
the given homologs, ; o

- 10) The forecast is usually realized in the form
Of a series of average monthly charts which include charts
showing the average monthly temperature anamolies for the
hemisphere (as g background) and on the basis of the reg-
ion covered by the forecast in addition to charts of aver-
age monthly pressure and charts showing the dominant wind
directions dur ing every month (in quarter segments of the
horizon), - ' ' -

S. The Certainty of the Method and Some Results
Yielded by the Verification of Forecast Quality,

tween 1947 to 1949 for the Soviet Arctic region is cited
below, The verification Wwas conducted on the basis of
critéria _xamined in section 1 and 2 of chapter 6,

From table 4, it follows that the effectiveness
of the method (i.e., the difference between methodolog-
ical and climatological forecasts) amounts to over 30%
during spring months and to approximately 12% in the sum-
mer and autumn months  The certainty of operationsl
(methodologfcal) forecasts of temperature anomalies
fluctuates between 62,7 ard 67 .8% with a permissable
margin of error of plus Or minus one degree and- i'rom
84,4 to 90,2 degrees with a permissabls margin of error of
plus o~ minus two degrees, '

From the table, table 5 shown above, it follows
the certainty of methodological forecasts for wind as
well as for temperature exceeds the certainty of eclimat-
Ological forecasts amd the effectiveness of the method
amounts from 16 to 22%, The certainty of methodological
forecasts with a permissable'margin of error of plus or .
minus two rhumbs (quarter segment of the horizon) amounts
to 87%, -

- The verification of forecasts for temperature an-
Oomalies compiled on the basis of this method for 1949.-
1955 (April - October) was accomplished according to
formula cited in section three of chapter six, o
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Later, in March, we continhe to watch:-the - character-
istics of the development Of the macroprocesses in the
hemisphere. If we will then note that the March C Form
is changing in such a manner that a type of proceésses which
were forecast on a basis of a given group of homologs occurs
by April then the forecast remains in effect, In & contrary
situation the forecast for. the subsequent month may be altered
by using another group of homologs if a study iy the chan-
ges taking place in the March processes provides a basis for
the supposition that homologs of the second group will be
"active" in April, . o e o

It therefore follows that a great advantage of the
method being examined over other methods 1s the fact that
this method offers a possibility for compiling forecasts
well in advance and also providesngprSSibﬁlity to make them
more precise on the eve of the following month,

A positive factor 1is-also that this method permits
utilization of not only the best homologs but the entire
group of homologs by shifting t0 another group of them in
time if this is required by an analysis of the accuracy
of the forecast during the gurrent month,

This basically completes the compilation of a fore-
cast of the development of macéroprocesses (of the VW C and
T Forms) for the period of time covered by such a forecast,
The next roblem is the compilation of a forecast for
weather characteristics which should occur from March to
June in connection with the W,C and E Forms that were fore-
cast the successive nature of the changes occurring among
trem, . S
7) By using.a series of charts showing the pro-
bability and the probable values (see charts A ~=-F gliven
earlier in the book) the distribution of the temperature
and the precipitation anomalies over the Huropean terr-’
itory of the USSR as well'a$ the anomalies of the thawing
of rivers are predicted, . L - S

8) Using the group charts of the average monthly
temperature anomalies as well as pressure and mean pres-
sure anomalies for the hemisphere involving the W from the |
¢ group,the distribution of “them over the hemisphere from
March, April,May,and June are forecast, The -prognostic ™
charts for April and May are compared for the Turopean -
territory of the USSR with the forecast compiled under
paragraph 7 of this section, ‘ e e

9) The weather: conditions in the hemisphere '~
within the group of homologs that was adopted earlier
(paragraph six of this s€ction) is studied for forecasting
the macroprocess, Then the weather conditions within the
homologs are compared for every month with a forecast for
these same months compiled on the basis of charts showing
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For the period from April to June good. forecasts com-
prised 43% of the total number of Iprébasts_Satisfactory
forecasts 58%,‘pOCr_forecasts;_lg%.: The number of fore-
casts for the period fram -Octobér to July is somewhat
lower than from the period from April to June,.  This, as
evident from the table above, Occurred for the period from
1947 to 1949 as well, On the whole. for the entire period
(April to October) 35% Of the forecasts were good, 41% ..
were satisfactory amd 26% were poor, - Ce

6, Prospectives for the Fur ther Development. of.
the Method, . S
It follows from the above that the examined method
is based on g study of the irregularities in the develop-
ment of the general circulation of the atmosphere, on a
consideration of the local synoptic beculiarities of the
region covered by the forecasts and of its meteorological
regime, as well as on a thorough analysis and consider-
ation of the characteristics of the preceding macro-
proceésses, This from our point of view is the principal
argument in favor Of considering the given method as
prospective, This conclusion is also substantiated by
the results obtained in the bPractical application of this
method which was already discussed in detail above, ,
~ The present state of the method must be considered
only as a first stage in its development, There. are
still a considerable number of questions and problems .
- that must be resolved, The principle ones are as follows:
1) A more detailed breakdown of the forecasts
according to periods of similar circulation, At the
present time, the forecasts are issued in the form .of
mean monthly characte:isticsjof.thermal, pressure and
wind fields. A detailéd bréakdown of the elements is
accomplished only.on tne basis of ten day periods : 1 .
even then without adequate methodical elaboration, There-
fore, the most important task i1s.the establishmen’ of re-
gulari-ies in the development of the W, C, and 1 Forms
that permit a detailed breakdown of the forecasts for v
four to five months according %0 periods of similar cir-
culation, ‘ L _ . S
~2) (Consideration of the intensity of dtmospheric
circulation, Basic errors in the forecasts of temper-
ature anomalies relate to the degree of the anomalies
with a relatively successful forecasting of their value,
This is a consequence of the fact that with. a correct fore-
cast of the general (background) characteristics of the
macroprocesses the intensity of the processes are .not al -
ways taken into full consideration, R :

-Ll' 2.




IIT Method of Long=Range Forecasts. for Short Periods in
Advance, ’ L e e

- Long-range forecasts of the wedther Tor® short per-
jods in advance with the aid of the macracirculatioh method
were first used beginning in 1946, This method, was. primar-
i1y based on the utilization of homologs, LT

In the following yeatrs M. Kh, Baydal, N. A, Aniskana,
L. A. Dydina and others completed a nmumber of investigations
in studying the irregularities of the continuity of the
E S P and the types of "weather associated with them, The
results of this investigations were partially generalizel
in Dydina, L, 2., O Printsipakh Sostavleniya Dolgosrochnykh
Prognozov Pogody Maloy zablagovremennosvi Dlya ArkGiki (On '
TG Principals of Complling Lxtended Weather Forecasts for
the Arctic Region), "UWater Transport” Publishing House,
1958, It must also be noted that the most concrete and
tangible results of the investigations relate to the method
of forecasting for the first E. S. P., i.e., the nearest three
to four days., As far as the forecast for the second and S
third B, S. P. are concernei, up to the present time. their =
compilation is based on the utilization of homologs., -
Forecasts for a period of from 8 to 10 days provide '
a chart showing the average distribution of pressure for
every %.S.P., the basic tra jectories of cyclones and anticyc-
lones, the “ominant wind directions (in quarter sections.
of the horizon), the degree of wind deviation from the
dominant directions, the course of the wind during the 8
to 10 day period covered by the forecast (the wind data is
given at the beginning, the middle and at the end of the
period), the wind veloc!ty, course of the wind by days dur-
ing the first three days, the predominant and extre. air
temperature values, e :

‘ Forecasts covered in an 8 to 10 day period are reg-
ularly made more precise both by compilling three day fore-
casts.and by means of an overlap of the irregular forecasts
of the last few days of the preceding forecast period, Let -
us now examine the regularities that form a basis for the
method and we shall demonstrate how forecasts are compiled .
on their basis. . g _ S S

1, A Study of the Regularities in the Continuity of
the E.3.P. and the Weather Conditions Associated with them,

At the beginning of this chapter it was ‘pointed out -

that the irregularities inherent .in the continuity of the
7.3.P. which must form a basis for the forecasts for short -
periods in advance must be studled on the background of -~ -
more 6xtensive transformations of the W, C and E Forms; the
®.3.P. are the elementary stages Of those forms, TLet us
know ellucidate this principal in. somewhat greater detail, -
For this purpose let us select several Januaries from the
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catalogue where the entire month was dominated by, the same
macroprocesses, for instance of the W Form, By;cqmparing
the E.S.P. with the nature of their. successiveness ail of
which occur duringrthiS‘month_we_shallxeasilylprove that :
they not infrequently are quite different, A natural ques- .
tion arises ~ how can it be .explainei that thegprocesses
of the same form occurring in the same month can consist
of different elementary stages (E.S.P.). L R
~An investigation of this problem has indicated that
the nature of the E.3,.P, .and their successiveness depend
on which of the chains of the more prolonged dominant fea- ,
tures gave rise to the given form, ~For instance in an exa- =
mple examined in Girs, ALA., Meteorol i gidrol, (Meteor-. -
ology and Hydrology), No, e, LYob, processes of the W Form .
dur ing January of 1932 arose from pbrocesses of the Form
in November and the W plus ¢ Forms in December, Suh-
sequently, they transform into the ¢ Form, Processes of the
W Form in January of 1916 arose from the V plus C Forms in
November and the W plus.E Forms in December, and transform-
ed into B Form, . A scheme of these transformations is as
follows:

November - December Jan%ary February =  March
PR By ey Myt Oy W ey g Gy Ty
: _ awdl . T LT
1915/16  Wyg+ Cio- W g+ By il Wy Wy g + Eyp——7Ee1 +1i

. N o -
Therefore the W and wll yp gy indicate] Januaries

culation features (according to their former circulation)
aré at the same time stages of various longer transform-
ations of the W, C and E Forms, Therefore the E.5.P, from
which they consist, are different which is easily seen
fran the catalogue or by the daily synoptic charts, his
difference in the selection of the .S p. which form the

cesses M wlil rélate to different varieties of the W Form
(see par.graph four, section 1, of chapter three),

Such structural differences between two "analogous
macroprocesses are quite natural and are easy to explain
in physical terms, They must inevitably arise since -
proceéssés of the W Form in both of the se months bear fea-
tures of both the processes that preceded them and the -
features of processes that follow them. Both of which are
different in each case, Theréfore it follows that in '
studying the irregularities of changes in the ®,S.P. within
a given month (January) we cannot i1solate it from the more
prolonged transformations which in ‘the end determine both
the "composition" of the E.5.P, in a given month ang the
Successiveness of their changes,
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Therefore in selectlng homologs for "small scale" processes
we cannot limit ourselves - to. a comparison of processes
and weather chara¢teristics for just that ‘short period of
time. It is necessary to select-at first the’ analOgous
processes on a basis Of the general background, i.,e, on
the basis of more prolonged transformations cf the W C and
E Forms and only then to find analegous processes’ fop
shorter’ perlods of time (eight to ten days) from among
them.' ‘

: Proceeding from this basic principal . A Dydina
studied the peculiarities of the pré&ssure f&oldo sng, the
weather conditions associatéed with them in the arctic
region, On the basis of material covering a prolonged number
of years (from 1939 to 1953) L, A. Dydina conducted a
typification of the baric field according to the E 'S P,

The latter are classified into 16 basic and nine sup-
plementary types, which are then classified into six »
typical groups (a,b,c,d,e,f), The dominant winds at a
number of stations located in the region covered by’ the
forecast and its course from day to day is shown for each
one of these groups,

Fur thermore, typical groups of the E S P that were
established were taken as the initial condition and studied
as a probability that a glven process will reoccur in the
B S P as well as a probability that it will be replaced
by every c.ae of the other typical situations, As a result
statistical characteristics depicting the continulty of
the E 3 P were obtained, and which are utilized for fore-
casting the type of processes for the next ®m 8§ P,

Further investlgatlons permitted& L., A. Dydina to
reveal which typical situation is most likely to o~~nr under
the various forms of atmospheric circulations ( W, C or ®)
and to relate these typical situations with the characteris-
tics of more prolonged itransformationss .z of the .S P and
W’C and B Forms. .

2, Additional Criteria Utilized in Compiling Forecasts for
~ the First Three Days of ‘the Forecast Period,

In addition to the regularitieslinherent in the
continuity of the ¥ § P and their association with trans-
formations of the W L0 and F Forms a number of other depend-
encies obtained by Varia s authors are also used in com-
piling forecasts for the first. three to.four days, With
the aid of these additional criterias it is possible to com-
pile a scheme showing the development . of synoptic processes
for the first © S P (three to four days) which may thén be .
comparei with the forecast scheme for these same days, that
was obtained 'on the basis of other data (thologs, nSP
continuities on the basis of typical groups),

. The additional criteria include the following
dependencies;
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(a) Distribution Of the source as of heéat and cold
within a troposphere in the initial E 3 P and their relat-
ionship with a distribution of basic pressure fields within
the next ®m S p; o ' , K ST

(b) Advection of air masses in the troposphere and

Oof the next E S p; ' ’

- (c) Advection of air flows in the troposphere of the
initial ® S P and’ their relationship with changes in the
ground level pressure during the subsequent T S P;

(d) The mutual position of the horizontal pressure
and temperature gradients in the Initial § S P and their
relationship to the changes in surface pressure during the
subsequent ® S P; ' '

(e) The relationship between pressure changes in
the troposphere and those close t0 the surface of the earth,

Let us briefly examine each one of the indicated
associations, _ S

Distribution of the sources of heat and cold in the
troposphere during the initial B S P and their associstion
with the distribution of basic pressure fields in the next
ES P, K. I, Kashin and M, V., Gritsenko investigated the
interdependence between the day to day shift of the ground
level pressure system centers with the distribution orf heat
and cold -ource regions in the troposphere, They thereby
established that cyclones usually shift in the direction
of and under outerops of heat in the troposphere while the-
anti-cyclones shift in the direction of and under outcrops
of cold, . A _

L. A, Dydina i1rdicated that this interdependence
may be expanded over a period of time longer than 24 hours,
specifically to includs an F S P, For this pur pose she
compiled cumulative maps showing the sources (outecrups) of
heat and cold for each ® S P for 1948 %o 1955, Furthermore
a demavcation 1ine was plotted on these maps that was de-~
rived trom the surface cumulative map of the subseguent

E S P, It turned out that this line coincides well with
the position of the demarcation line that was drawn be-
tween the sources of heat and cold fop the initizl B s P,

As a result of the calculations that were conducted
1t was found that from 70 to 90 % of all sources of heat
and cold at 500 and WO mb of the initial ™ 3 P correspond-

areas of the next B S P, - '

A The application of this dependenice in practical
work of compiling forecasts for the T 3 P yielded positive
results, The Planimetery of the prognostic and factual’
pressure fields which had coincident Symbols indicated that
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absolute coincidence among them amounted to 65%.,

- Advective exchange of air masses in the tropo-
sphere and the changes of surface pressure in the initial
B S P and their relationships with the characteristics of -
the upper pressure field of the next E S P, N, A, Aniskina
determined that those parts of the upper Pressure field
of the initial E S P where an advective exchange of heat is
observed in the troposphere with an increasing pressure on
the ground surface the subsequent B S P includes the for-
mation of an -upper trough or a intensification of a trough
that already existed there, The certainty of this inter-:-
dependence amounts to 70%. If the increase (decrease) of
pressure at ground level however, during the initial F:.:3S P
corresponds to an advective exchange of cold (hot) air:
at the upper level then by the next . ® 3 P the upper 500
mb field will change in 63% of the cases within plus or
minus five decameters and in 37% of the cases it will .
change more than plus or minus 5 decameters, ' _

Such a dependence is explained by the fact that
in a case where there is an advactive exchange of heat in
a dynamic Increase .at ground level pressure, both these
factors are conducive to an increase in pressure aloft
3.8., t0 a intensification (or the occurrance of a newf
ridge in the next B S P, o :

In =»n analogous manner when there is advective:
exchange in the troposphere and a dynamic drop of ground
level pressure conditions that are conducive to the deep-
ening of the existing trough or the occurrance of a new
one in the next B S P are created, ,

Advective exchance in the troposphere of the initial
. S P and their relationship with the changes. in: £.. Tace
pressure during the subsequent E S P, N, A. Aniskina and
L./ . Dydina in analysing the data for 1939 to 1950 ( for
June to October) for the Atlantic-Eurasian sector, deter-
mined the following rule: if the initial E S P includes
a simultaneous combination of the advective exchange Of
heat (advective exchange of cold) at the 500 to 1000 mb
level and a divergence (convergence) Of lsohypses at a level
of 700 mb then the following © S P will include a decrease

(increase) of surface pressure in this region in 927 of
the cases, - ' k : L

Individual studies of the advective factors indicated’
the foll.woring: . . _

(1). In 67% of the cases after an advective exchange .
of heat (c01d) during the initial B 5 P, a decrease (increase).
in surface pressure in that region is observed during the
next ® S P, In 24% of the cases such a relationship is not
observed and in 9% of the cases in the next F S P does not’
change; = A SR ‘ o
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(2) 1In 80% of the cases after a convergence (diver-
gence) of the isohypse during the initial ® S P ‘a deemease
(increase) of surface pressure in a given region is observed
during the following ® S P, In 15% of the cases such a .
corresponding.reaction is not observed and in 6% of the
cases the pressure remains unchanged, B ‘1

Relative position of horizontal pressure and tem-
perature gradients in the initial © S P and their relat-
ionship with changes of surface pressure during the next
E S P, N. A, Aniskina and I,, A, Dydina investigated the
relationship between the position of temperature. gradient
obtained from a 500 to 3000 mb chart, of the pressure
gradient on the surface during the initial E S P on the
basis of material from 1939 t0 1950 with chariges in surface
pressure during the next B S8 P, It appeared that  in
85% of the cases when the initial ¥ S P contained a tem-
perature gradient which deviated to the rigcht (left) of
the pressure gradient a decrease (increase in surface
pressure was Observed in these regions in the next ' S P

The relationships between preéssure changes in the .
troposphere and by the surface of the earth, B, P,
Malykh indicated that during the period of the development
Oof pressure formations the magnitude of the change in
the absolute gerapotential of the pressure surfaces in-
creases from the bottom up, The changes attain a maximum
at a level of 300mb, In cases where the pressure forme-
ations are destroyed the magnitude of the change in the
absolute gerapotential decreases with altitude, The
minimum changes in this case are recorded at a level of
200 mbs,

Statistical irivestigation was conducted of the
problem of determining to what degree the intensification
Or weakening of pressure formations that are chs»  “erized
by the relationships between change amd altitude between
the gerapotential as indicated above may be considered as
a téenlency of the future development of these formations
in the next E S P, For that purpose casés of deepening
cyclones and intensifying antieyolones s where the changes
in pressure are close to the surface of the earth where
léss than those af altitudes of 500 mbs (cumulative changes
were examined)., Then the evolution of the se pressure
formations in the next ¥ S P were studied, Decaying
cyclones and weakening antier¢lents y which had a total
sun Of pressure changes close to the ground greater than
the sums of changes gy the:gerasotential at an altitudes of :500-mb
&mﬂmd&eiMﬁﬁ&EﬁL&wﬂ*-n%nﬁa%*;l?;b;' : =
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It turned out that in 75% of all cases (out of 3lcases)
of cyclones and 84% of all cases (out of 31) anti-cyclones
changes -in pressure formations that began tO také shape in

the first B 'S P where preserved in the next B~ S P as well,

Therefore this rule may be usd in fOrecasting the
evolution of clearly expresse) pressure formations for the
next B S P perlod .

3., Method for Selectlng Homolog

As already indicated above,in compiling forecasts for

a period of ten to eight days on the basis of a macrocircul-

ation method the circulation homologs are also used, There-
fore let us examine in somewhat greater detail the method of
selecting homologs for an extended forecast,

Let us assume that we must compile a forecast for a

,'period of from 1 o 10 August of some year, In that case
_the initial processes for the forecast will be those oObserved

in the third to ten day period of July, Selection of homo-

-logs for these processes may be represented as follows:

: (1) A breakdown of the processes into E S P for
June and July is made on the basis of diurnal charts of the
hémisphere in every one of the E 5 P are classified as a
certain form of circulation (W,C or E). Let us assume that
during Jv'y processes of the C Fonm were observed for
31 days (cz1) .

{(2) A ten point integral curve graph.ic plotted for
Juneand July. in which the E-S P and the W C B types are
shown along the x-axis,

(3) The form ¢* 01rculat10n which was forecast for
Migust in the long range forecasy is taken into c.. Jider-
ation, Let us assume that an anomalous development of
processes of the B Formn were forecast for August, 1In that

. case the processes of the first ten days of August covered
by the forecast must develop on the background of the fol-

lowing more protracted traHSfOrmatlons of the W,C E Forms:

(4)  The catalOgue 1s used to £ind instances that

occurred in past years where an analogous sequence of

circulation forms and an analogous course of curves dur ing
June and July were observed,

(5) The E S P for the third ten day perlod of July

ie.carefully analysed for the nature of the macroprocess in
the hemisphere and in the forecast region, At the same time
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it is determined which type of pressure field (according to

L. A, Dydina) may be related to the last E S P that occurred

before the forecast, N L
Utilizing the regularities and the continuity of the

E S P established in the book entitled "On the Principal of

Compiling Extended Weather Forecasts fop the Arctic Region",

"Water Transport Publishing House 1958", It is decided which

projected on the basis of dats regarding the continuitv of
the T 5 P (according to L, 4, Dydina), . :

: (6) Peruses during the third ten day period in July
for all homologs are analysed and those homologs are found
which during that ten day period have been observed to con-
tain B S P which closely resembles those in the initial ten
day period both in their characteristics ang their success-
lveness in the hemisphere anmd in the forecast region as well,

(7) Those homologs selected under paragraph six of
" this section Which in the first E S P of the far ecast period
had a type of macroprocesses in the hemisphere and in the
forecast region which is analogous to the one outlined for
this E S P on a basis of a scheme of continuity and ad-
ditional criterias, (see paragraph five of this section),
The homologs selected in this mammer are utilized for the
compilation of a forecast for the nature of weather pro-
césses both for the first three to four days and for the

~ihe Scheme for the %mpilation of Porecasts for a Ehrée
to Four Day Period and an Zight to Ten Day Period,

Compilation 0i a forecast for. the nature of synoptic
proceésses and weather for an eight to ten day period in a day
by day detailed forecast for the first three days ~~y be
~described in terms of the following basic stages,

(1) The processes occurring during the menth which

conteins the initial ten day period and those contained
in the preceeding month are analysed, The form or circul -
ation and the successiveness of the ¥ S P are established
at that time, The form of circulation during the month con-
taining the ten day period covered by the forecast is de-
rivei from the extended forecast, - o :

(2) The type of process during the first ® S p
of the period covered by the forecast is determined on the
basis of schemes showing the continuity of the ¥ S P and
also on the basis of additional criteria, ‘

(3) The homologs are selected, .

(4) The group of homologs selected under step 3
‘above the weather conditions in the region covered by the
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forecast are analysed on the basis of data from representative
weather stations, At that time -the predominant wind direct-
ions are es abli shed as well as the most Iikely wind dev-
“iations in every section of 'the region are determined,ﬂgée
NoteZas well .as the. wind veloc1ties and pos31ble W1nd Velo-
city Flimits, . .

: ote7Sections of the region are detprmlned on the
basis of a Timilarity in the process and in the weather
: They alternate from forecast to forecast, ...

For this purpose it 1s convenient to use complex
graphs /See Note/showing the course of meteorological elements
from period to period which must be compiled. for every
weather station in the region for all months of the avail-
able number of years, Examining such graphs. (they are usually
compiled on especially lined paper) for all homologs far
a given month it is usually easy to reveal typlcal features
~inthe course of the meteorological developmments during the
eight to ten day period for the entire group,

ote/'The complex graph shows the course of the
temperature” and pressure diurnally in the form of curvés
as well as in the weather characteristics with the aid
“.of common synoptic symbols,

As a result of this analysis a weather forecast for
the individual sections of the regions included in the
forecast is compiled,

(5) The course of the wind from day to day during
the first three to four days of the forecast period is -
analysed in detail, For that purpose in addition to a study
of the homologs statistical data regarding the recurreénce
of different directin~s and velocities of the wind at
stations located within the region covered by the Tore-
cast under every type of processes which are contained in
a work by L. A, Dydina are utilized, As a result a de-
tailed forecast for the wind for the flrst three days cover-
ed by the forecast is compiled,

(6) . Gh the basis of data ylelded by the group of
homologs charts.showing distribution of pressure in every
E S P forecast period are compiled, If the neighboring
E S P are analogous in the distribution of the pressure field
a single prognostic chart may be compiled for them,

(7) Cumulative kinematic charts of all homologs
contained in ten day periods that correspond to the ten
day period covered by the forecast are analysed, At the
same time, the most likely courses for the movements of

~cyclones and anti cyclones in the region on the ba31s of
~which the forecast 1s being compiled are determined, They

are marked as arrows on the correspondinb prOgnostic '
"charts of average pressure. ]
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(8) Forecast of wind is & own in a visual form in
the following manner, Small circles are drawn on the geo-
graphical.base that include a certain area of the region co-
~vered by the forecast. Within that circle there are two or
three additional smaller circles, : Part of the predominant
winds are differentiated in the form of a sector and colored
with a red color, A portion where wind deviations are e:-
pected are colored green, The forecast of the beginning
of the period (two to three .days) is expressed in the circle
closest to the center, the one for the middle of the period
- in the central circle, and the one for the end of the
period - in the outside circle, ' The prognostic gradations of
wind velocity the limits of its intensification and also
- the predominant and the extreme temperature values are enter-
~ed by every sector on this chart, During the period of the
forecast the actual wind directions for every region (socle)
is entered on these colored sectors with dots, The data is
derived from the meteorological dispatches for four fore-
casts, The dots are placed in that radius which represents
the wind direction that corresponded to the one observed
during the given period, These charts are then used t0 com-
puté the number of dots that appear in the forecast sectors:
and the percentage of correct forecasts are then determined,

5, Certain Data on the Tffectiveness of the Method and
the Correctness of TExtended Forecasts,:

The verification of extended forecasts fa a reriod
from 1954 to 1956 indicated that forecasts of the pressure
field for perlods of eight to ten days were correct in 73%
of the cases, The average correctness of the forecasts
for the wind direction for the period from 1953 to 1956
amounted to 66%Z. The certainty of climatological forecasts
on the predominant wind directions on a quarterly basis (
for ten day periods) amounted to 59%, Consequeutiy, the
effectiveness of the method as applicd 50 the given element
amou..ts to 7%, This same method for forecasting temperature
of the air has a somewhat higher effectiveness (12 to 15%) .

6 » Prospectives for Further Development of the Method ,

Development of the extended forecast method is in
many ways associated with our lknowledge of the forms of
atmospheric circulation as processes taking place within
the hemisphere and regularitesinherent in their transform-
ation, Therefare, the basic task is a multi-lateral study
of the regularitjes involved in the continuity pattern of
the T S P as the elementary st ages of the more extensive
processes (W C and B Forms),
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An important taslg also 1s the proper. consideration of
the intensity of the -processes, and primarily the intensity of
the pressure’ and thermal fields with which the degree of cy-

clonic activities is.closely ‘dssociated, i

Of considerable importance 1s also the cons:Lderation of
local synoptic and orographic pecullarltles of the reglon which
is covered 2y the forecast ;
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CHAPTER XII

A SURVEY OF METHODS AND INVESTIGATIONS
IN THE PROBLEM OF LONG-RANGE FORECAST-
ING IN THE VARIOUS COUNTRIFS OF THE
WORLD o

In the preceding chapters of the second part of the
book, methods for long range weather forecasting presently
used in the USSR and the USA by the official weather service
agencles of these countries, were examined, The indicated
methods represent more or less formulated viewpoints that
proceée from certain principals and have certain operational
methods that permit irregular compilation of weather fore-
casts for various periods of time, These methods also have
certain advantages over the utilization of climatological
norms as forecast values which provides a basis to use them
in practice., They are all to a degree based on the regular-
ities of the general circulation of the atmosphere, As a
rule in the analysis and forecast compilation by these methods
synoptic and upper level charts of the northern hemisphere
are used,

In addition to the indicated more or less formulated
methodological systems a number of countries utilize various
types of prognostic relationships that with a certain degree
of succe s permit the forecasting of weather or of its
various individual elements, These methodological systems
as a rule contain certain individual methods that were
examined in the introduction to the second part of this
book, They may not be called formulated methodological
Systems even though :n a number of cases they may permit
the compilation of forecasts that to a certain degree sat-
isfy the interests of certain sections of the economy or
specific end users. Other countries have not evan ..evelop-
ed these types of prognostic relatiorships and at the
preseat time are conducting only certain investigations in
that airection,

In this chapter we will devote our attention to a
brief survey of such methods and approaches assuming that
this will provide the reader with the possibility of gain-
ing a better understand ing of the contemporary state of
the problem under examination on the world scale,

I. Federal Republic of Germany

As already pointed out in the introduction in
Germany beginning with 1929 investigations were conducted
for the purvpose of evolving methods for long-range weather
forecasting under the direction of Baur, A special in-
stitute was established for that purpose,
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Beginning with 1932, the institute of long-range weather fore-
casting issued forecasts for 10 day peériods in July and Aug-
ust and beginning with 1937 they issued forecasts covering
the period from June to September,” Forecasts covering a
month and a season were also issued. MNethodologital basis
for these forecasts are described in & monograph entitled -~
BRaur, F;,fMeteor01bgisc@e'Zéitsdhrift,'54,4374444;1957'as
well as in an article by Baur 1in the Compendiun for Meteor-
ology for 1951, Below we will brielly stop on the examin-
ation of the principal basis of the indicated methods and we
will also examine how forecasts are compiled with their aid, :

In the first stages of the investigations Baur at-
tempted to solve the problem of forecasting by a purely stat-
istical method ., For that purpose he searched for various
types of assoclations of changes in the meteorological elem-
ents in one region and the changes in meteorological elem-
ents in other regions of the northern hemisphere during the
preceding period of time, The resulting relationships
were used as a basis for formulating seasonal and monthly
forecasts, In addition to that, a large number of corelat-
jon co-efficients were found that indicated a assoclation be-
tween a subsequent change in preéssure at some meteorological
station and the value of a number of elements which have a
direct bearing on the pressure during the preceding 10 day
period, In Shat manner multiple correlation tables were
compiled with the aid of a chart which was drawn showing the -
probable distribution of surface pressure for the next 10~
day period, With the aid of analogues selected for the
preceding 10 day period the indicated probable forecast was
made somewhat more precir~2, ’

The utilization of such methodological approes.~3s did
not, however, lead to effective prognostic results especial-
1y with regard to seasonal and monthly forecasts, In con-
nection with this the subsequent methodology of 10-day fore-
casts was perfected by using iro-synoptic investigations
and first of all by an understanding of the macrosynoptic
situation, (Crosswetterlage) which was already mentioned in
section 2, chapter 4 in the examination of Baur's typific-
ation,

’ In studying the macrosynoptic situation and factors
that determine 1ts changes Baur came to the conclusion that

- of the great number of terrestrial and cosmic factors,

volcanic eruptions, polar seas, oOcean currents, the in-
fluence of the moon, the motion of the pole and solar act-
{vity. Solar activity alone has material significance that
is associated with changes in the ultra-vioiet and corpus-
cular solar radiation, ~According to Baur "filuctuations in
golar radiation represent sets of corditions that direct the
course Of the weather on a large scale, Therefore, one of -
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the main premises for =ccess in long-range, forecasting is
an intensive development Oof solar physies', = . =

In addition to that-considering that in order to ar-
rive at a solution of the problem of long-range weather
forecasts the combination Of synoptic and statistical .
methods are of great importance, Baur conducted a typific-
ation of macroprocesses and established 17 types of macro
conditions for the European region, The further task is
the determination of seasonal recurrence of these types and
their continuity for the consideration of mutual influences -
of the circulations taking place in neighboring regions,
Baur also considers that a clear resolution of. .these prob-
lems has a incomparably greater significance for long-
range forecasting especially for mean forecasts than the
numerous harmonic and rhithmic analysis undertaken in
many institutes," - - : : :

For the purpose of compiling forecasts for five day
periods Baur utilized multiple rgarrelatioh: tables and the
results were conducted by Scherhag on the dependence be-
tween the distribution of surface pressure and the .
movement Of three and 24 hour isallobaric sources, the
characteristics of upper currents and their convergance
peculiarities at surfaces of 500 and £25 mb, _

‘Let us examine these two methods in somewhat
greater detail, ' In order to compile multiple esormslabiion
tables wi.ich could be used for forecasting pressure ’
changes Baur proceeds from the expression for
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Here divs V-is the porizontal velocity divergence kfc@r:
&.2884 §% - amount of heat obtained by a unit of mcss of
the particle in motion for a unit of time, c¢c- is the con
Stant . ) ’
~ On the basis of his work in Meteorologische Zeit-
schrift 54,437-444, 1937 the right portion of the equations
are replaced with values which may be interpreted statis- .
tifally. As a result, the following variables are Obtained,
which influence the future change in pressure and which are
used as introductory data for the multiple wporrélation table:
Xy- pressure at sea level at mb at 14 hours dur ing the day of
the forecast at a given station, x,~ change in temperature -
(in centigrade) from 14 hours of the preceding day to 24 hours
of the day when the fore-
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cast is being complled x3~-. change of pressure in mb for
the same 24 hours,y - the degree of cloudness Of .a day when
the forecast is beifg compiled, xgz- change.of. pressure
in mb for seven hoaurs on the dayx§g-theaforecastg‘ﬁ> y

After compiling such tables ifor all mete&c’)f'o,l‘_‘o.g\'ic A
stations in the region that interests us for an available
number of years it is possible to use them in determining
the mathematical probability of pressure-changes for the
nearest two to three days., Ce e ,

In compiling forecasts in that manner distribution
of surface pressure for a period of 24 hours in advance,
it is possible to use it in computing the volume of the
relative geopotential 500/1000 mb and to determine the
change of this value from the initial day to the first
day of the forecast, By adding this difference to the
value of the surface pressure forecast 24 héurs in advance
we obtain forecast of the altitude of the 500 mb surface,
On the basis of the latest data, a 500 mb prognostic chart
for the next 24 hours is drawn, ' : o

By using this chart in accordance with the work by
Scherhag,R., Forsch, Bfahr, Ber, Reider Wetterd Reiche,

Bd.II, 1943 & prognostic chart showing the distribution -

of surface pressure for the second day is compiled, It

is made more precise with the aid of multiple correllation
tables, With the aid of that chart and using the same
method it is passitle to obtain a 500 mb prognostic chart
for the second day and by using the latter chart to compile
a chart of surface pressure for the thir& day which is also
made more precise by means of multiple ceorrelation :. tables,
A 96 mb chart 1s used for that purpose, Forecasts of the
surface pressure fieid for the fourth and fifth 7~ '7icrecom-
piled both by means of the method indicated aboye and by -
the utilization of a number of other supplementary methods
of a synoptic and statistical nature - (types of inter-
actions, their recurrence and continuity, analogues, mul-"
tiple correllation tables and others)., o T

These are the principal basis and technical methods
which form the foundation for the compilation of forecasts
for five days according to Baur'!'s method, . _

Let us now briefly stop on the methodology of com-
piling 10 day forecasts. The five day forecast compiled
on the basis of the method examined above is used as a
foundation for the compilation of these ten day forecasts,
For forming a forecast for the second five day period of
the ten day period covered by the forecast, multiple cor-
relation tables are used { compiled especially for ten day
forecasts) in addition to analogues, The analogues are
selected at the beginning of the ten day period preceding
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the ten day period covered by he forecast, in view of the fact,
as justifiably pointed out by Baur "that the preceding development,
wheh led to a certain racrosynoptic situation, must be considered
to a much greater -degres than in cases where the diurnal: synoptic-
¢harts are examined ", In selecting analogues a similarity in the
circulation of the regions of North America, ILurope, Asia and the
Polar Circle is.requireds. ' o ' -
- - Baur compiles forecasts for a period of 3 month and a sea-
son, according to Walker, on a purely statistical basis. In doing
that he also utilizes analogues. The correlationeustion ind udes .
a considerable number .of dependencies among the ‘changes of & ements
in the various regions of the northern hemisphere. For example,
for predicting the gverage temperature in March for Central Zurope
the following equation is available: | .

E(y) : “OoOle -0008}{2 O.O9X3 i 0019Xh 7 OolOXS

Here E(y) is the mathematical anticim tion of temperature
anomalies dwring March (average for three stations -~ Berlin,
Vienna and De bilt), £} =~ is the mean pressure for Febm ary
at two stations: Stiklkisholm, Hap aranda; Xp —— is the mean pressure
anomaly for February at Sverdlovsk; X3 ~- is the mean pressure
anomaly for February at three stations: Iiilan, Rome and taltay
X) — is the anomaly of temperature d_ifferences during Febm ary-
October in Central Burope; g = is the anomaly of mean pressure
at Rome ¢.aring December and Jgnua:r'y.

According to Baur, long range forecasts should be issued
for practice and widespread utilization only in those cases where
the benefit derived from successful forecasts will be immesurably
greater than the harm that results from incorrect forecasts., Such
a situation, according to Daur, is possible only vhen forecosting
with the aid of the regression equation, the corelation coefficient
will be no less than 0.80‘, the correctnéss of the forecusts of
anond ies must not have g value of below 0.75, and forecasts of
indirect elements must not be below 0.92. lnasmuch as such high
requi =ments are at the Present tiie unattainable,according to
Baur - "it ig necessary to deflect all the requirements fo. a
rezular issue of nonthly or seasonal forecasts under tle present
state of our knowledge." : ‘ :

Baur dees not now compile long range weather oreccasts,
but issues them only on g Sporadic basis,and conducts research in
that field. Research, according to an article written by Baur, is
directed essentially at the e
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perfection of the statistical forecast relationships that
were published earlier by considering factors that determine
the formation of the various types of marro-synoptic
conditions and furthest of all by a method of considering
the role -of solar actlvity.
. According to-a verifieation conducted.by Baur {Boe

Note/ regarding the correctness of 10 day weather fore-
casts compiled by him during’ the period from.1932 to 1936,
the following results were obtained; -~ =~

© In 1932, the correct forecasts amounted to 68% of all
the forecasts, in 1933 - 81%, in 1934 - 80%, in 1935 - 87%,
in 1936 - 84%. The average percentage for correct weather
foprecasts for those years amounted to 80%.. o

pifferent results of a verification of these samé
forecasts were -obtained by the Amer icanswho verified the
correctness of the forecasts for the first five days of the
ten day period and the last five days of that period, Such
a split type of verification was motivated by the fact that
forecasts for the first five day period were compiled by
means of a synoptic method and that for the second five
day period was compiled on the basis of ‘a purely statis-
tical method. It turnedl out that forecasts for the first
five days were correct in 75% of the cases and those for
the last five day period were correct in only 53% of the
cases, TIn order to evaluate the quality of ten day fore-
casts fo.- temperature they were compared with the correct-
ness of forecasts compiled on the basis of an assumption
that the average temperature of the pending ten day period

. is equal to the .temperature of the day that preceded the

forecast period, It was found that such forecasts would
have been accurate iu 69,4% for temperature forecasts and

57% for precipitation forecasts. Consequently, t.. method-

ical effectiveness in temperature forecasts amounts to

‘only 1.1% and for precipitation forecasts only 11.5%,

" ‘Baurts institute existed until 1945.and issued the
10 day forecasts indicated above, Since 1945 he, has been
working privately, not receiving any kind of material sup-
port from the West German Government. He refused to re-

*'gularly issue 10 day forecasts and from time to time issues

only monthly and seasonal forecasts similar to those that
were issued by him from 1920 to 1530, According to the
indirect information that is available(Bijl W, Veers ver-
wachtingen op lange termign, Kon. NederI meteorol,—Irst.
De Rilt publ., No, I57. Verspreide, Opstellen, Nr 1,
Gravenhange, 1954,) The quality of these forecasts in

general is not very high and not infrequently there are

serious errors,

A weather service for the American Occupation Zone

in Germany wss ©stablished in the city of Bad -Kissingen

in 1946, It was headed by professor Waikman, He offered
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Baur the position of Director of the«l@ﬁg;réng;;e”forecast
section, 1n connection with that, the:direction,of long-

of Occupation, Denis ang Trenkle also began working in the
department for long-range weather forecasts, This fore-
casting Organization ‘which basically Opérated with the
assistance‘of'methods evolved by Baur. did nct issue ten day
forecasts, - For'ecasts covering a month gng a Season were is-
sued ;hich, however, due to their imperfect:nature, were
not published'bﬁt transmitted by cable to the meteorolo-
gleal obser‘va't'orie’s. o o ' |

' Starting with'February, 1947, Trenkle and Rudolf
began to issue and as of June 1949 to publish cOmparatively
detailed monthly forecasts covering the south-westepn
region or Germany from Freiburg, As of February, 1982,
these forecasts were also régularly broadecsst on the radio,

The verification Of monthly forecasts Of temperature

the following: 7see Note7 The correctness of ’forecasts
for the summer Somewha t~exceed s the degree or success.
attaineq by the "bling forecast" put it is approximately
at the “evel of inertial forecasts, The Success of fore-

inertisl forecsasts,
- ZNOQE/ See an article by Hofman -in ann, MCuurol,
No, 3-47 Bamq 8, 1957, .
In 1951 A0 Bag wlosginyen p group directed by
Scherhag developed g methnod for forecasting three to five

the deltas Of high level frontal z0nes,

’ 340 sources of decreasing Préssure were studied, which
were observed from 1 July 1948 to 31 December 1949 %vep
North America, the Atlantic Ocean and Europe, It was re-
vealed that in 242 cases the areas of decreasing pressure
weére Observed for g perliod of five days and 42 cases far

days;whereaS'in 21 cases they were Observed for only a ,
period of two days, For the purpose of,compiling forecasts
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statistical investigation was conducted and a series of
nonograms were compiled that permit. a determination .of

the future position and intensity of the initial areas of
decreasing pressure for the second to the fifth day. based
on a consideration of the direction and the intensity of
the high level frontal zone and the basic isohypse. This
method is used in practice and,at the same txme research is
being conducted to perflectr it, _

IT France

As already briefly indicated in the 1ntroduct10n
to the second part of this book,a method of forecasting.
based on the study of the pectiiaritics in the course of
the pressure which are revéaled ih:the many year curves of
the five day megy ©f its values, =

The principals of this method as. well as certaln
other technical methods are described in the work by Grappe
entitled Memorial de la Meteorologie Nazionale, n, 38,
1-78, Paris, 1955, Théy consist of the following:, For
82 stations in FTurope and the Atlantic area new curves .

- showing pressure changes from day to day during every year

for the available period of years were compiled, Further
the amoothing of every one of these curves was made by

‘determining the sliding three or five day peem vValues,

The compaiison among these smoothed curves 1or a given
station over all the years indicated that during certain
periods of time maximums Or minimums occur on the curves
which take place almost every year, They are called the
peculiasrities in the course of pressure,

Tn order to eiiminabte accidental increase- ~r de-
creases, i.e. a type of pecul:derity that would frequently
be encountered additional smoothing is done, For that pur-~
pose curves showing the pressure over a five year period
during the course of every year are compiled for
station, Then the.averaging of these curves for all the
years for every station on an individual basis is accom-
plished, The normal curves that are obtained in that man-
ner shlowing changes in the five day pressure values are
called base curves or bases, It turns out that peculiarit-
jes in the course of pressure which are-revealed in most
of the curves (75%),were preserved in the base curve as
well, However the rarely occurring secondary peouliarities
were smoothed out in the basic curve,

Fur thermore the basic curves at all stations w1th1n
the region and the’ examination were compared among them-
selves for the purpose of revealing those stations ith
an analogOLs course of these curves, A combination -of :
these stations determined .the region which was homogeneous
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with respect to climate (natural regimw) ., A single most
representative station was selected from every one of the
differientiated climatic-regions and a mean curve for the
entire region was drawn, .. T ' '

~In order to prove the reality of the peculiar-
itles and also in order to reveal their synoptic charact-
eristics the following work was accomplished, The nature
Of pressure formations observed in the various climatic
regions during periods when certain peculiarities ap-
peared were studied on a basis of daily and five day
charts, It appeared that for example for the Paris region
in 69 to 75% of the cases during periods of rising curves
anti-cyclones with a center pressure in excess of 1,080
mbs were observed, cimilar Investigations indicated that
during periods of descending curves in a given climatic
region cyclones with a pressure of from 997.4 to 1,002,7
mbs at the center are observed, Their recurrence amounts:
to from 76 to 86%, -

These peculiarities noted in the curves for every
station in each individual year were also thoroughly
studied and these shiffs (with relation to the normal curve
in the moment of their occurrence were determined, It
turned out that for the Paris région the average shifts
in the upper points of the péculiarities took place within
two to four days in cases of their early appearance and
three t. 4.6 days in cases of late appearance,

: A series of gsynoptic characteristics were compiled
for every one of the periods of time when a certain pecul -
larity was observed: a mem chart (normal) of surface
Preéssure, a cumulative chart showing the distribution orf
¢yclonic and anti-cy:lonic centers, a chart showing the
distribution of the amplitudes of bressure curves, g
graph showing the recurrence of the shifts in the moment
of their Occurrences, as well as the characterict.ics of
air masses and their temperatures, .11 this data taken
togesher permits the compilation of forecasts for the
distribution of the pressure field and certain werther
characteristics for a period of five days , and O me-
times for a period of 30 day s, - 5 :

- In order to make the five day forecasts more
detailed the relationship between my-n pressure values
for the five day period with its values during the day
in the middle of the period was studied, It was re-
vealed that this relationship is expressed rather well
(the em:1-iem coefficient is equal to +0.88) Frw
Note/'. A significant relationship was also obtaided with
the“data of the second and fourth days., Coefficients
for the first day and the last-day -are considerably lower ;
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for the first day 0. 55-0 79 and with the flfth day O 65p
0.80,
ote7A similar relatlonshlp was. obtained by Namias,
,It was mentToned in section two of chapter 11,
‘ - A forecast for the mein pressure field for the
five day period is compiled in the following manner, A -
curve showing the change in five day pressure values for
a number of five day periods preceding the forecast for
every one of the 82 stations, Then this curve. is compared
with the basic curve for a given station, peculiarities
‘are found and matched then by means of a relative shift of
these curves, After finding well matched peculiarities
closest to the five day perlodcovered by the forecast the
pressure curve is extrapolated and the anticipated pres-
sure change is determined from the initial five day period
to the one covered by the forecast, By algebralcally ad-
" ding this change to the pressure value at a.given station
that occurred during the initial five day period its
prognostic value is obtained, Pressure for the other 81
stations in the region being examined is also forecast in
this manner, A prOgnostic isobaric map 1s drawn on the
basis of this data. - .
Later by utilizing the s-ﬂOpth and gtatistical
material as indicated above . . as well as the daily
o e o 1t is ‘attempted to make this forecast more
detaileu for the individual days and to point out the ,
probable nature of the weather and its changes during the
five day periodcovered by this forecast,
At the same time attemptsicors made to cons&der the
Antensity of the processes as well by refining the fore-

" _cast for the variation amplitude in the pressure r~"rves,

For that purpose the results of investigations on the
evolution of centers of pressure changes from a pive day
period to a. five day period (charts ¢f five day isallobars)
are utilized,

Forecasts prepared according to the methods descr-
ibed above are complled dally at the central weather ser-
vice in Paris for a period of five days in advance,

Starting with 1951 forecasts for a month ahead are
prepared by mesns of this method, They are based on

~an eytrcpolation ‘of pressure acccrding to base curves of;

a number of stations, The month covered by the forecast
'is divided into six or seven periods of time during the
course of which a certain type of weather is observed, .
Average isobaric charts are drawn for such periods. . Such
charts are able to provide an indication on the probable
weather comditions dur ing each such period, This data
is then made more precise and concrete by utilizing a
serles of synoptic,statistical and graphic material,
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As a result a forecast covering a month is compiled which
provides a general characteristic of the anticipated types
of processes (pressure field) and the evolution of weather
conditions during the month, . Co e
We uhfortunately do not have data on the methodical
and practical efféctiveness of the methods that were exam-
ined, in the monograph that was available to us, However,
it is hardly possible to consider this method perspective,
Despite the existing investigations on the synoptic chara-
cteristics of the peculiarities the pressure field may still
not evenly reflect the type of weather, s S
A conecreté deficiency in this case is also the fact
that up until the present time the physical causes for the
occurrence of the peculiarities (rhythus) indicated above
in the changes of pressure have not been revealed, Therefore
the utilization of pressure curves and the entire tech-
nique of such g forecast appears to be to a great degree
formal, MNultilateral investigations of the regularities
in the uninterrupted develomment of the macroprocesses over
prolonged periods of time are necessary, Then the revesled .
peculiarities may be explained to a degree inasmuch as they
may be regarded as certain stages 1n the development of
macroprocesses, ' ' _ -
At the same ‘time, it is necessary to note a certain
scientific and prognostic value of the data Obtained by
this schi.l, The existance of such data for Other regions
of the hemisphere could in a number of cases prove to be g
very useful and helpful method that would permit the fore-
cast Of certain peculiarities in the development of anti-
cipated (on the basis of any method) processes in weather
conditions, '

ITI. The Chinese Peorle's Republic Work in the field. of
long-range weather Torecasting started in 1935 wisl. he work
of Ttu Ch'ang-wang who utilized the ccrelation method de-
velop:1 by Walker to reveal the associations between pre-
cipitations in China and changes in the meteorological el-
ements at a number of points on the earth's aurface,

Two statistical methods of forecasting are developed
in the Chinese People's Republic: A method of historical
changes and a method of multiple internal relationships,

The first of these methods was developed by Yarg Chiang-
ch'u and the second method was developed by Fang Tt!'ung-
kwang., 7.2* us examine these two methods in greater detail,

A chinese scientist, co-worker in the institute of -
geophysics of the chinese academy of sciences, Yang Chiang- -
ch'u in 1950 proposed that for forecasts of temperature
and precipitation in Peking as well as for forecasts of
typhoons in the Formosa region a series of regularities
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and. historic changes of these elements and'phénamena be used,

The . prOpOsed method was applied by the author' in
practlce for the’ compilation of the indicated forecasts,

It yielded satisfactory practical results, It was also
examined and approved by the Peking section of the

Chinese Meteorological Society at a session that took place
on 23 .0ctober .. 1951y and was recommended for a practical
test and utilization as a method that has a number of
advantages under present day corditions in China,

- A comparatively extensive series of ohscivhi- ons are
available at certain stations in China, Therefore the
author confronted himself with the task of elaborating
a method of forecasting for these stations which was based
on the utilization of regularities in the changes among
meteorological elements over a long period of time only for
these stations, Such changes that took place over several
decades are called historical by the author,

The basis for such a presentation of the task is
visualized by the author in the fact that the observed
historical changes in meteorological elements are a con-
sequence of cumulative influence of the active factors,
Therefore, considering the indicated changes we will there-
by indirectly consider the entire complex of factors,
Therefore in order to be able to foresee changes in the .
future 1+ 1s necessary to reveal regularities in the

changes of the elements during the past., Let us now ex-
amine some of the basic regularities,

Regularities in historical changes utilized in:
complling forecasts, The basic rules of historical changes
which must be considered in the compilatlon of forecasts
for a year are:

(1) The continuity,

(2) the analogy,

(3) the cyeclic nature, -

(4) the greatest and the least probabillty,

(5) the turning point, '

Let us now examine each one of these 1aws. .

Continuity, By continuity the authcer means the
duration of the noted. tendency in the change of a given
element or phenomena, Let us assume for. example that we
are analysing a many year curve showing changes’ in temper-
ature of the alr for some station, After finding o1 points
on this curve where it begins to rise we shall trace the
duration of this ris, Let us assume that in all cas:.s
the observed increase in temperature continued for no less
than two years., 1In that case ‘having recorded the rise in
temperature during the initial year with regard -to the - -
year covered by the forecast as compared with the preceding
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year we will be able to assert with a great degree of
certainty that there will be rise in temperature here
during the next year, The author illustrates this law
by an examination of the curve showing the many year
course of changes in the amount of precipitation at Pek-
ing during May for the period from 1840 to 1855 jand.
from 1870 to 1950, . . ' D

- ~As a result of a revelation of the continuity
the following prognostically important deductions are
established, . L

(a) It the amount of precipitation during May
of a certain year exceeded 40 jm, . while in May of the
next year it was less than that,then dur ing May of the
tlird year it always decreased further, or in any case,
did not rise. There were no exceptions to this, o

(b)  If the decrease in the amount of precipitation
Occurred during the course of two years (in May), then
during May of the third year no increase in precipitation
was observed,and in 80 to 90% of the cases it amounted
to an average of 33 im, » ‘ ‘

Analysing the changes in the velocity of the cir-
cular westerly current in December in the zone between
55 and 55 deprees northern latitude,for the period from
1900 to 1930, the author illustrates a law of continuity
by means Of the following deductionss '

(a) If 4in December oOf a certain year, the circular
westerLy current began to intensify or did not weaken
then for  the next year the intensification continued,
This was the case in g% out of seven instances,

(b) If the velocity of the current began to dim-
inish during December of a certain year then during the
following yrars as a rule it continued to lose its
velocity or, at any rate, the current velocity did not
increase, This was the case in five out of seven in-
st ances, '

The analogy, Analogy is understood to be the
sim.larity in the course of the curves in different sect-
ions, The utilization of analogiles is recommended along
with the feature of continuity, In that c:se it may. not
only be a valuable prognostic measure,but it may help to
avoid errors in the forecast that may arise due to except-
ions in the continuity rule, The continuity rule may
in turn refine a forecast compiled by utilizing the
principal of analogies especlally in those cases where
the an.:iGgzues processes that occurred in the past will be
followed by different processes in the future,

The cyclic nature, The author notes that the
numerous investigations aimed at revealing varia s cycles
did not sriclg prognostically useful deductions inasmuch
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as the authors of these investigations always demanded
presence of constant limits for these cycles and consider -
ed their recurrence mandatory, Under actual. :coniibvicus
however, cycles of quite different duration are observed

which in addition to that may not be observed at all during

- certain periods of time, It therefore follows that if
‘the cyclic nature is regarded not as the only means for
- forecasting but 1s applied in combination with the other

rules (continuity, asnalogy) thaan it may be of concrete

aid in the compilation of long-range forecasts, ,

There is a considerable difference between the
cyclic nature and analogy. A complete cycle may include
analogous features,however .an analogy itself 1s not equiv-
ilant to the cyclic nature,. Analogy indicates that
changes taking place in any two sections are similar among
themselves, However, it is not necessary that an analogy
occur only at certain regular intervals of time,

Tn order to illustrate the cyclic nature we will
cite the following regularities which have a prognostic
significance, '

(a) A curve showing the many year course Of pcon.
annual veloc ity values of the circular current of the
westerly wind indicates . a maximum point every five
years (1903, 1908 etc.,) and every four years (1901,
1905,1909 ) the minimum point,

: (b) The curve showing changes in winter temper-
atupe in Shanghai for a period of 75 years (1873 to 1948)
clearly manifests two year cycles, They include over
. 80% of the years, In other words, the wvinter bLemperature
in Shanghai as a rvl~ rises during one y ar and drops
. during the next year, This cycle is eszpecially ™~l1 ex-
pressed between 1882 and 1908 at which time .exceptions
‘were not observed, L ‘ _ '

‘ (¢c) The curves showing many jear changes in the
amount of precipitation at Mukden (1906-1936) clearly
indicates that every six years there is invarlably a
minimum amount of -precipitation of 100:m - or 1less,

' The greatest and the least probability. This
aspect presupposes a multilateral analysis of the re-
currence of various values of a given element over a
period of many years, A knowledge of the probabllity
regarding the occurrence of the forecast value or of
a gradation of an element is most important to a forve~
caster. 1In analysing, for examplesthe amount of preci-
pitation which occurred in Mukden during July it 1is pos-

sibleto see that it never exceedei 300 uxte - This level
of precipitation was Observed on oOnly one occasion, At
the same time a precipitation level of 30 im was never

obse:ved here in July, Consequently, the probability of
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precipitation over 300 1 and below 30 @ . is very
small, e N
The turning point, This term is und erstood to
mean thetime when a changing tendency which took place during
a certain period of time such as a rising or dropping
curve changes its direction., If the time of change orf
direction in the many year tendency occurs during the
®ar covered by the forecast that may then materially change
the nature of the forecast and influence the degree of
accuracy if the indicated peculiarity is not taken into
censlderziion  in the compilation .of the forecast, Fore-
castfofvthe-turning point is one of the most complex
and unresolved aspects of the forecast method under exam-
ination, IR , ' - '
The application of this method of forecasting re-
quires the availability of observations for a minimum period
of 20 to 30 years, .o . :

The basic stages of analysis in forecasting consists
of the following: : '

(1) The available Observation daty is prepared, For
Y purpose charts showing  mcan monthly values are plotted
data pertaining to the recurrence of various values of
Lstoertio el oloments.. being examined is compiled,
Curves depicting historical changes in elements are drawn
on graph plotting paper. ,
' {2) Cwrves showing historical changes are analysed
for the purpos orf revealing prognostic dependencies that
characterize the basic laws examined above, The resulting
proznostic dependencies are noted, Periods of time when
any one of the basic laws has an €xception gre established,
How this incongruen-e with the basic law may be correcteqd
by the application Of gome Other law, The turning points
are analysed in this specisal manner, the couwrse of the
curves preceding those points,as well as those fr¥ owing
these turning points, are revealed in addition to the con-
dit“ons under which they occur,

' (3) By utilizing the regularities Obtained from an
analysis of the historical changes a forerast for the fol-
lowing year is compiled, . : :

The examined approach to the compilation of extra
long-range forecasts has certain advantages over othern
methods under the conditions e€xisting in China,where there
are no synoptic charts for g large number of years, The
basic advantages are .as follows:

(&) The extensive periods of the foredasts (a year
and sometimes even two years) . .

(b) The simplicity of the method of compiling the
forecast, _ . : :

(¢) the forecast contains quantitative character-
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istics which is more ¢onvenient in practice than fomnﬂatrons_
above or below the norm, much higher or insignificantly high-
er which are used in certain forecasts (the author in partlc-
ular compares them W1th.forecasts prepared by Baur for a per -
iod of ten'days), .

(d) the given method may be applied for forecastlng '
any meteorological element or phenomena on which there is a
series of observations for a period of not 1ess than

wenty to thirty years,

(e) A multilateral analysis of the regime (climatolog.
ical)data is conducted and the positive results of the pract-
ical application of them are demonstrated, All this indicates
the important significance of the consideratlon of processes
that preceded the forecast and the regularities inherent in .
the tendencies of their development over a period of manyyearse-

Alon " with these positive points, the existing
inadequacies may al so be noted,the mOSt 1mportant one from

our polnt of view is, that the many yea.r changes in uev:,eorologlcal
elements’ are exémined 1ndependenniy of the many year changzes in atmoses -
pheric c1rculatlon, which nay. be used to explaln-regularltzes e

estaollsned_ by :L'b.

‘ The work does not even make an, attempt "
to analyse ‘the physical reasons that determine the agction of
the establi:hed laws and the causes for the presence of ex-
ceptions in their application..“

: Therefore, it seems to us that in the further develop..
ment Of this methal it is necessary first of all to establish
such relationships with the atmospheric circulation and with
its concrete forms, T W, C and E Forms may be used as the’
latter' the irregularities in the epochal transfomai_.ns of
which are, at the preseu:t time, fairly well'known (see
chapter Ve “

'The feasibility of utilizing the W, C and E Forms for
the indicated purpose 1is favored by us also as a result of
the positive results obtainéd by the work accomplished by :
post-graduate students at the Leningrad hydrometeorological -
institute, Chang Chi-chia and Chang Chia-cht'eng who com- -
pleted (under the guidance of the author of this book) in-""
vestigations one of which was published under the title of
"Pec¢uliarities in Weather Conditlons over China Under Ba31c:
Forms Of Atmospheric GCirculatim' and who obtained some very -
valuable results in a scientific and prognostic sense,

These works conclusively prove that weather conditions
observed over China during various seasons of the year, are
well explained by the W,C and E Forms, and of their season-
al transfarmations, Therefore the authors utilized such
relationships for the elaboration of a method of forecasting
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both for .long and short periods Of'timefépplicable‘to the.
conditions existing in China, S o ,
- These works also examine epochal transformations of

the W,C and E Forms and the associated temperature changes,

changes in the amount of precipitation, and the fluctuation
in the levels of the Yangtze and the Bwanghy Rivers, -

Let us mow briefly examine the basic contentions
of the second method used at the present time in the Chinese
‘Peoplel Republic, This method is based on the utilization
of the analogues selected on the basis of climatic data for
several preceding months, It permits a compilation of a
forecast for a period of up to a year., Let us illustrate
it In any example of compiling a forecast in Fevruary of
1983 for precipitation dur ing August 1953 for the city of
Chungking . .

The amount of precipi atio? observed during individ-
ual months of the preceding 11952/ year were analysed., At
that time a survey was conducted for a period of time during
which In the course of several months entering into such sa
period some kind of a material peculiarity in the distribu-
tion of precipitation was observed which could serve as a
point of reference in the selection of analogues, TIn the

examnple being examined the amount of precipitation in Chung-

king during a period of three consecutive months (October,
November, December 1952) was close to the norm,while in
the next . .nth of Jamuary 1953, it somewhat exceeded the
norm « Taking this peculiarity as a basis attempts are made
o Tind analogues among preceding years, The smount of
precipitation in every month of all the analogues are re-
viewed following the month with the indicated initial
condition (first mont’:, second month, and so on), ,
In our case, it was proven that the amount of prec-
ipitation during the eighth month for most of the analogues
was belov the norm for a period of many years, Furl r
the amount of precipitation for the eighth month which was
covere’ by the forecast, was studied and a comparison of
it with the amount of precipitation during the preceding
month was conducted, As a . result of this aralysis a highly
accurate forecast was compiled, _
According to the available data, forecasts for tem-
perature and precipitation anomalies compiled on the basis
of the indicated methods have an average certainty of 759,
Forecasts regarding the magnitude of the anomalies have s
samevhat 10W"» . percentage of certainty, '
In evaluating these methods it is possible to agree
with Ch'an Nei-ch'ao that "both methods serve only for the
satisfaction of the more urgent demands, Both methods pos-
séss serious inadequacies, By means of these methods it is
especlally difficult to forecast the extreme values of the
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metbordlokdedilc al -elements as both methads are devoid of any
physical basis, In addition to that for a practical utiliz-
ation of these methods it 1s necessary to have a large number
of initial data, It must also be noted that the quality of
these methods up to0 the present time was not investigated on
the basis of strict methods of mathematical statlstics. Such
an 1nvest1gation is outlined for the future

Iv. hungarlan People% Republic,

Investlgations in the area of long range weather fOre-
casts began in Hungary in 1939, 1In 1946 a department of
long range forecasts for weather was organized at the institute
of meteorology at Budapest which 1ssues forecasts for two week
periods regularly on the 15th and the 30th of every month,

The forecast includes expected weather changes durlng the per-
iod covered by the forecast as well as anomalies in the tem- -
perature of the air and the amount of precipitation,

The forecast method is based on the utilization of
statistical relationships between changes in meteorologlcal
elements and phenomena on the one hand and a series of geo-
physical and cosmic factors on the other, In addition to
that various types of periods and changes in the cycles of
meteorological . elements:established by different authors are
used , . o a ‘ : - o
The number of investigations which obtained varia s
forms of prognostic deductions must first of all include the
~work accomplished by Berkes completed in 1939, It Indicated

that after anincrease in solar activity a decrease in the wind
velocity follows approximately a week later in’ Budapest ,in
connection with anti-cycionic nature of weather over . ”lngary.
A week after the solar sctivity begins to diminisn,a ‘period
where thewind velocity increases associated with the dsvelop-
ment of cyclonic act1v1ty appears, Conscquently, having a
forecast Of a change in solar activity 1t is possible to fore-
cast the course of the wind and the nature of synoptic pro-
cesges for a period of two weeks in advance,
. Investigation was completed later, which attempted to

" determine the probability for the appearance of p051tive and
negative temperature and precipltation anomalies in Hungary
under different two week variations in solar activity, The
values of the resulting probabilities exceed the change values
by & to 15%., These relationships indicate that if the number
of -solar spots increases during the weeks 1mmed1ately pre-
ceding the summer and winter seasons, then it is proper to
expect a winter 'and summer. temperature below norm in Budavnest,
This relationship is especially well expressed during January
June and July. As far as the precipltation is concerned with
an increase in solar actlvity the amount of precipitation dur-
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ing the winter is beldow norm and that during the sumaer is -
above norm, : ‘ g PR . o
- Beginning with 1942 the prognostic relationships ind-

icated above were supplemented with relationships between
changes in the weather characteristics and phases of the moon,

- In compiling forecasts, the results yielded by work
on the study of cycles are also used, Some of the better -
verified and more widely used cycles are the 11 -summer, 2-3-
summer, the sixty day cyecle and the 335 day cyecle, -

Analogues also provide concrete help in the compilat-
ion of forecasts, . -~ LT P

The correctness of two week forecasts prepare! on the
basis of the relationships examined above amounts to ap-
proximately an average of 70%. Some of the better forecasts
sometimes had a correctness value of up to 90% and same of the
poor forecasts - 30%. In this case the correctness of the
forecasts for weather changes is higher than the forecasts for
temperature and precipitation anomalies, -

In future investigations it is proposed to conduct a
more substantial study of the relationship between regenerat-
ion of the Azores anti-cyclone whose state in msny respects
predetermines the weather conditions over Hungary, with solar
activity., The relationships that have already been establish-
ed between the intrusion of anti-cyclones from the Arctic and
the intensification of corpuscular radiation of the sun will
be develo; :d further, as "even t hough the formation of the
weather. characteristics depend only on the influence of various
factors which have a terrestrial origin we nevertheless rec-
ognize the fact that a considerable role may be performed also
by comparatively energetically weak factors of cosmic or igin
in the form of cataly%.c agents during the incubation of
various weather-forming processes,."/See notg/

ote/ Berkes Z., Acta AgronGmica, V , No, 1-2,
163-186, 1955, » : .

From the above brief survey it fnllows that in Hungary
even t'wugh a regular compilation of forecast is conducted, ?
the methods for their compilation, however, may not be
considered complex, perfected and responsive %0 the con-
temporary state of our knowledge on the general circulation of
the atmosphere, In particular,all forecasts are compiled
only on the consideration of the cosmic factors and formal
statistical associations aswell as on the consideration of
cycles and periods that do not yet have a physical explanation,

Scicntists that are occupied with this problem in
Hungary uaderstand that the given method is not as good as
the synoptic and circulation methods that are usei at the
preésent time in other countries of the world, ZExtensive
material consisting of high level and surface observations
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from the entire hemisphére however are necessary for' the util-
ization of such methods; which complicates the application of -
these methods in the comparatively small countries such as
Hungary. - S o . R

- V. The Roumanian Peoples Republic, .
Jystematic investigations In the problem Of long range
forecasting of the weather began in Romania in 1951. They
are primarily concentrated at the central meteorological in-
stitute located at Bucharest, ' I
ZS The following principals underlie these investigations
ee note ' : S
' (I{.the weather characteristics for any given month or
season are determined on the basis of its characteristics during
‘the preceding month or seasm when quantitative accumulations
of peculiarities take place which in turn lead to qualitative
changes in the circulation and the weather in the supsequent
month Or season; ‘ o S : ' : _
. (2) Pressure -and thermal fields, the distribution of
precipitation and the characteristics of the circulation are
an inseparable entity and must be examined simulgzmneously and
jointly; : ' , ' ' v
" (3) In order to properly comprehend their interre-
lationship and to have a possibility of forecasting their
characteristics for the future, it is necessary to consider
the role of solar activity, the phases of the moon and the
large planets «losedt to the earth, : - :
ote/ Topor, N,, Acta Agranomica,. 1955, Yo, 1-2,
163~186,19585, . _ ’ : N
Both the normal distribution df the indicated elements
over Romania and their Gistribution over the surrounding re-
gions (the Agores, maximum, the Icelandic, minimum, the Siber
ian, maximum, and other asction centers) as well as the large
scale anomalies were studied on the basis of these principals,
The latter question received special attention in view of
its extensive national economic significance,
" Basic material used for conducting the investigations
were diurnal synoptic charts for the period from 1886-1951,
The first stage of the investigation established the types
. of pressure fields over, Europe and their peculiar weather con-
ditions over Romania and over southeastern Lurope.as a whole.
It wa's found that there were only 16 such types, Subsequently
the probability £or the appearance of every type for . every
day, month, and season was computed. - :
After that a macrosynoptic investigation Was-conducted%
as a result of which the 16 types of pressure fields indicated
above were included in 7 types of circulation:and observed in
south-eastern Furope; the northern continental, the southern
continental, the eastern continental, the southeastern mari-
time, western oceanic, and the northwestern oceanic,
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The recurrence or every type for all months of the year was
computed (in percentages and days), -~ R :

The analysis of theee types permitted a determination
of the follow ing relationships which have g prognostic sig-
nificance; = : ' , '

- (1) A sharply increased probability for the oceurremae:
of a certain type of a pressure field or of a cartain type
Of circulation is noted at g given time of year and dur ing
individual days of every month, For instance the first type
Of pressure field has its greatest rate of récurrance during
‘February (16.3%)., During every month it is most probable
on thevfollaming days; January - 4,10,11,15,20, February -
2,4,10toll,2l,_March ~lto 2, 8to9, 17, 26, etc,
‘ - (2)  The type of rréssure field or a type of circulation
that became established during a given season will recur again
during the same season after 28 to 32 days,

(3)  The intensity of individual types of pressure
fields increase during the period from 20 August to 20 March
- and gradually diminish from 20 March to 20 August, -

(4) The degree of differentiation of the various
types of pressure Pields as well as the intra-monthly changes
in the types of circul ation 1s variously expressed dur ing
‘the maximum and minimum periods of solar activity,

(5) The thirty day cycle in the course Gf atmospheric
pressure in central Burope is associated with phases of the
moon. /See Note/ k

= /the7'Topor,'N., Acta Agranomica, 1955, No, 1-2,
163-1865 1955, : 4

In accordance with the plan of investigations it is
proposed to conduct a typification orf temperature fields,
precipitation and other meteorological elements and ‘phenomena
in the future, At the 8ame time . special attention will be
devoted to "a more detalled investigation the Tield of ¢pe
general circulation of the atmosphere”, /See Note7 ,

-' /Tote7 Topor, N., Acta fgranomica, 1955, No. 1-2,
-163-18¢€, 1955, ' T

themselves with a goal of conducting a thorough ‘study of
meteorolecical elements over Romanis in connection with de-
veopment of the general sirculation of the atmosphere, Howevepr
the aspiration to establish associations between changes in
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moon, even though it 1s the body closest 'to the earth, 1s ap-
parently limited to the phenomena of tides in the external
surfaces of the globe and cannot have an effect on the .
characteristics of atmospheric processes, o T

VI, India RS S ' Lo e
Thvestigations in the area of long range weather fore-
 casting sarted in India after 1877, a year that was known for
its exceptional deought and famine in that country, In India
the forecasting of the amount of precipltation which occurs
during the monsoon season (from June to September) is of -basic
significance, The correct forecast of a deficit in precipit-
ation is especially important as obviously poor harvests in
the country or in its various regions are associated with such
conditions, o R S ;
In connection with this Blenford utilizing the "world
 weather" method established the task of revealing factors that
determine the small amount of precipltation during the monsoon
season in India, He established that the droughts were pre-
ceded by an anamously heavily snow fall during the winter
and spring in the mountains located to the north and north
west of India (the Himalayan Range and the Hindu-Kusch upland

. area) as well as high pressure on the Island of Mavrikiya,
in Australia and over a considerable portion of Asia,

Forerasts for rain for the period from 1886 to 1901
were compiled with the aid of these relationshi s and re-

- ‘ceived the recognition and trust of the public, From 1887 to
1903 however when the weather forecast service in India was
directed by J. Flliot, who began issue and publish greatly
detailed forecasts withnut a sufficient background for that,
“these forecasts lost thelr practical significance, A= a result
of that the government of India prohibited officiai public-
ation of these forecasts in 1901 and authorized thelr utiliz-

" ation only by the provincial adminstratisns. o
o A well-known British climdtologist, Walker, worked in

' India since 1903,  He headed the further investigations in
this problem, They amounted to a survey for statistical re-
lationships between the amount of precipitation in India dur-
ing the period from Jume tO Spptember and the state of certain
weather characteristics in varim s reglons of the earth during
the preceding period, As a result he evolved a series of
regression equation of the common type ‘ :

y:dﬁ+m%+d%+&%+d{ '
where y-1is the forecast volume of precipitation in India,
x;xéx3x XS-’are varlous elements assoclated with precipitat-
jon“sa, b,8,d,e, - are constant coefficients with which the
equation ytelds a closer approximation to reality with re-
spect to the amount  of precipitation,
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inclusive),-X -~ 1s alr pressure in South America, X - 4g
temperature of the air at Dutch Harbor (situated in the Aleutian
Islands) during the Preceding months of March,and’April, X =

verification of these equations on the basis or material fop
the past years (from 1909 +o 1928) was conducted by Clarles
Normand in 1930 (he succeesdegd Walker), The correlafionior co-
efficient between the pPrecalculated ang the observeg amount
Of precipitation Was plus 0,56, It is eclose to the co-erfrf.
ilcient which was established (plus 0.58) on the basis Oof data
covering the period prior to 1908, o

In connection with the results Of'this,verification it
was decided not to publish in advance those forecasts which

During the periog from 1941 to 1948 70 such forecasts were re-
leased fo. various regions in India, 13 of which (i,e, approx-
imately 20%) proved to bpe Incorrect, 71p climatological fore. .
casts (i,e, norm) ywoulgd have been provided then there would -
have been only ‘27 incorrect fOrecasts, i.e, approximately

40% of all the forecasts, o . o _

It must be noto however thst despite the geéneral posi-
tive effect forecasts of e xtreme droughts have g low degree or
accuracy, Ton €xample out of nine Such forecasts for very .
dry years.(1957-1958,_1959, 1941, 1951,1952) only t“--e fore--
casts were correct, and it-is'these«drtughts that are destruct-
ive, ' . - v : '

In connection witn this ,substantia] investigations of
the synoptic nature of monsoons (see baragrara 4 of section 2
Oof chapter IT fop more details) wepe conducted in Indis over |
the past severgl years for the purpose of demonstrating the
relationship between the types or Processes over Indis and
various beculiarities of the‘general'circulation Of the at-
mosphere in othep zones of the earth,and,specifically,that

sical nature of various factors entering into the regression
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equation but to reveal new factors as well, All of this to-
gether will, undoubtedly ,considerably develop the method and
will raise the quality of the forecasts for monsoon precipit-
ation, = R S ) T
VII Indonesia -~ = L B

Tn Indonesia like in India,thefgréateSt'praCtiqalﬂina
terest is represented by forecasts of precipitation dur ing
the eastern monsoons, s

Investigations of this problem started in Indonesia
in 1908 ywhen C, Braak started to study the relationship be-
tween pressure changes and the amount of precipitation,

/3ee Note/ 1In doing so, the author based himself on the fact:
Tf during the monsoon period the pressure is bélow normal,

fhen the amount of precipitation must exceed the norm, and in
the opposite case the precipitation would be below normal
/Tote/ Brask, C., Berlage, H, P., Boer, H., J,, Buwe, W.,
ReesInék, J.M., Verhandelingen No 5,20, 26, 29, 30, 31, 32,
35, 36, 38, 39, 44 van het Koninklyk Magnetisch en deteor-
ologisch Observatoritm te Batavia, 19l9-19Yo<, The forecasts
compiled on the basis of this rule for 1909 and 1910 had a
good rate of accuracy. Thils compelled -a more detailed study
of the indicated problem, As a result,a three year periodicity
in the changes of pressure was established and three rules for
forecasting vressure wére formulated, e T :

However even these perfections did not prevent a cata-
strphhic forecast failure for 1925, when it was forecast
that the amount of precipitation will only slightly exceed
the norm, whereas actual conditions resulted in a drought
that was never observed hefore,

D raskts work was contimed by Serlage (Verhandelincen van
het ‘Koninklyk Magnetisch en Meteorologisch Observaioriun—te
Batavia) . He was especlally engaged 1in finding a relation-
ShIp between the amount of precipitatiorn durlng the eastern
monsoon on Java snd a deviation of temperature and pressure
fran the norm at varioms regions of the Indian and Pacific

Oﬁ$ané_during the preceding months, He also considered
the role of solar "activity. The regression equation that

was derived ¥ylelded positive results prior to 1925, Later
However, the quality of the forecasts deteriorated sharply
as the physical nature of the relationships that he estgb-
1ished remained unclear,: -~ . - i ' o

A certain perfection of the regréssion equations was:
¢ onducted by Boer, As a result,by using them 1t was possible
to predict on 1 September the.early advent or the tardi-
ness . of the normal -~ ~ ~ . " 'rains of the mon-
soon period in temms of 10 day periods, Similar Investigation
for the forecast of precipitation in the region of Java,
gadura, the Islands of Celebes and Rorneo were conducted by -
Juwe.' : L - ) ) ; . i . .
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Even thouzh such relationships do =~ - . _
represent a certain practical interest, "they nevertheless
brought but 5 . few indubitable successes", The reason for
these failures according to Reesin,C.K.,is partially due to
the fact that the rescarchers had at their disposal a very
limited series of Observations and therefore the co-efrficients
and equations calculated by them may not be considered re-
liable, , C ' ' ' o ’

VIII The Netherlands . o

The Tirst attempt to evolve a method fop long range
forecasting of air temperature for the forthcoming winter
in thre Netherlands was accomplished by Galle dw ing the First
World War, He established a relationship (on materiasls cov-
ering the period from 1900 to 1914) between the force of
the northeast trade wind observed north of the equator. during
the summer months,and the subsequent air temperature in Turope
in the winter, The rresence of this relationship was motiv-
ated -by the fact that the northeastern trade wind was the

ure of the gulf stream and, through it the air temperature in
Burope (See Paragraph 2 of section 2 of Chapter II).

By utilizing this relationship Galle compiled fore-
casts Of the mean temperature in Rurope for the winter of
1915-1916’which had a comparatively high degree or accuracy,
However, "he success of subsequent forecasts was ratherp mid-
dling, 1In addition to that the verification of this relation-
ship on the basis of a new series (prior to 1930) indicat-
ed an almost complete lack of success, o

Later investigations in the indicated problem wer e
directed by Braak., Trz results Oof these investigations were
published in 1933, In studying the relationship between solar
activity and the amoun+® of precipitation in the Netherlands,
Braak established that " as arule the predominant m.  ority of
precipitation occurs during a period wiich extends from a
time vren there is g maximum number of sun spots to a time
where g minimum number of sun Spots are evident, After the
time when there are a maximum number of sun "pots a drier
period,with a minimum of rgin ,comes about between the max-
imum and minimum evidence of sun spots", However, verif-
ication of these rules in prognostic work indicated their
e&tremely low effectiveness, ;

Subsequently, Reytama, visser and Berlage worked on
the giver. (oblem at various’times, They based themselves
on a consideration of the periodicity in changes of meteor-
Ological elements,and also evolved various types of statis-
tical relationships and regression equations, For example,
the temperature of the air at DeRilte and the average
amount of precipitation_throughout was ebreelatedod with 18
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elements at different parts of the world, Among them were
the air pressure at the Azores Islands, the difference be-
tween the pressure at the Azores Islands and Iceland, the
water level in the Nile River, the temperature on the Yan-
Mayen and others, The regression equations were compiled
for forecasting temperature and preciplitation for a period
of from one to three months in advance, . - & " ° .

At first the forecasts compiled on the basis of these
equations were considerably succecsful, However, - their
subseqwe nt correctness became ratheriov , As a result of this
the authors came to .the conclusion (D&l W. Veers Verrachbinoen on
Tlanze Tormiin, (ion. lederl. :oteorol Inst. Jebilt; Pabley 16 137Te) =
but it was Impossilble to succeszully‘resofve"the problem of
forecasting not only for the Netherlands but for other
countries of the world as well by this method, It is rather
difficult not to agree with this deduction, - =

According to the avallable information- forecasts
in Japan dre campiled for ten day periods with détailed in-
formation for each day, forecasts are also complled for per-
jods covering a month with detailed information provided on
the basis of ten day periods, the forecasts covering periods
of a month included detailed information on a basls of ten
day periodn~, the forecasts for, three month periods contained
details on a monthly basis: forecasts were also issued for
six month periods, S ‘ :

Methodical elaborations utilized in the compilation of
such forecasts are based on a consideration of the periodicity
and changes in meteorological elements. as well as on a formal
extrapolation of data at a single point, . Usually, at first,
the deviations from average. values of pressure aix uvemperature
for the preceding periols of five days duration are determined,
Then these deviations are extrapolated rith the aid of =
periodicities of 20, 25, 35, 45, and 65 days.. _ .

A verification of the correctness of forecasts for
the period from February GO October 1952 was conducted, It
was revealed that the temperature forecasts were correct in .
70% of the cases whereas the correctness of pressure fore-
casts were correct -In slightly more than 50% of the cases,
Forecasts of precipitation, however, proved to be completely
unsatisfactory, _ o

X. England o o n o §

Tn Tngland there was a. extremely skeptical attitude to-
wards the possibility of successful compilation of long range
weather forecasts, The prievalent point of view on this pnoblem -
was expressed by Robert Watt whosin June of 1952,at the Lon-
ference on Problems of Industrial Natural Sciences,stated as
followss
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"at the present time, forecasts covering 24 hour
periods are the most reliable, Under ideal. cond-
itions, for example, when ;stable weather conditions
are Observed it is possible to compile and publish
forecastsiCoveringia period of 3 days, A forecast
covering a 5 day period is a dream and in order to
compile a forecast covering a 5 week period, ‘it is
already necessary to revert to average climatic
values', ' SR

_ , xThe‘prevalence'of such a viewpoint regarding
this problem is apparently the reason why regular
long-range weather forecasts are not lssued in
England, The English meteorological institute con-
ducts a discussion of forecasts for the subsequent
4 days twice a week on a exper Imental .basis, These

The methodical basis for these forecasts is founded -
on "a theory of development", proposed by Sutclifrfe
ee Note/, It is based on a consideration of the

dependente between the thermal wind established on
the basis of a 500 to 1000 mb chart and the develop-
ment and shift of préssure formations close to the
surface of the earth, .
: ote7 Sutcliffe, R. Cey "Quarterly Journal
of the RoyaTl Meteorological Society", 86, 1956,
~Zven though the'interrelationships that were
derived are faithful in general only for g forecast
covering a 24 hour period under certain circumstances
they may be utilized for g forecast covering a 3 to
- 4 day period, In that case the prognostic charts for
- the first day are the initial charts for the com-
- pllation of the forecast for the second day and so
on, . ‘
Methods used in other countries are not
utilized in Fngland since, accord’ng to the Opinion
¢ many meteorologists, the country occupies s most
unfavorable geographical position for that purpose
and therefore the regularities obtained for Other ,
territories may not be effectively be applied here,
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CONCLUSION

' The materlal that was presented in the first
and second parts of this book permits the certific-
~ation of the material- progress that has occurred in
the study of the general circulation of the at-
mosphere over the past 15 to 20 years,

g "~ A direct result of that is the fact that by
the present time a series of new methods for long-
~ range weather forecasting have been developed which
are founded on the regularities of ‘the general cir-
el kiion of the atmosphere and which provide the op-

por tunity to compile more perfect forecasts then
was possible under the former methods based on
regional assoclations or on .other associations of a
statistical nature,.

' This not only provides the Opportunlty to -
properly outline a path for further investigations
in su~h important and closely interrelated problems,
but it also inculcates certain hopes for the pos-
sibility of a substantial increase in the quality of
long-range weather forecasts in the very near future,
in especially important contribution towards the =
solution of the indicated problems was made by
soviet scientists, In our country hydrodynamlo
methods are also developed along with the cOmpaxat-
ively effectlve syaoptic methods, =

"International cooperation aiong the meteor-
ologists 1s also of" essential significance to the
solution of these problems, ‘A wonderful example of
such cooperation is the International Geophysical -
Year (IGY), which permitted the collection of :
many simultaneous complex observations over the
entire globe that are extremely necessary for a .. |
substantial extension of our knowledge of the regu- -
larities inherent in the general circulation of the -
atmosphere, In this case, an invaluable contrlbutioni'
was made by Soviet scientists who provided the op- ‘
portunity to study the atmosphere of the earth and . . .
the planets with the aid of new methods, spe01fical-
ly sputniks, as well as meteorOIOglcal and cosmic :
rockets, :
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A further international €xchange of materials
and experience gained by the scientists will be most
beneficial,

The primary tasks involved in the further in-
vestigations in the Indicateq Problems, according to
the author, are as follows:

peculiarities of the circulation and weather condit-
lons in its various 'regions, At the same time, it
1s necessary to pear in mingd that regularities in

many respects, The study of such regional processes
independently Oof processes taking place in other

types of processes, In such s case, the investig-
ation provides little that is of value in s prognos-
tic sense, The aerosynoptic investigations in this
cas’ must be closely associated with mathematical

- Investigations in order to formulate g complete
theory on the general circulation of the atmosphere
and a theory of concrete methods for long-range
weather forecasts,.

2) A mult lateral study of factors that ape
already known (see chapter 2) that determine the
nature of the geénsral circulation of the atmosphere
and the establishment of new heretofore unknov -
factors, 1In this case, in addition to the revelation
- a physical essence Of ‘all the factors, it isg
necessary to devote Special attention to their
role and to the change of such a physical essence
in time, -

3) A Study of small Scale processes the
régularities of which form 8 basis for extendegd

in the prognostic work,
4) A study of the nature of the anomalies
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in the development of the general circulation of the at-
mosphere and the associated anomalies of the weather
conditions inh the various regions O0f the globe,

. B) A study of the regularities inherent in os-
cillations of the general circulation of the atmosphere
taking place over many years and the related changes =
in the atmosphere and the hydrosphere, The knowledge
of such regularities will permit not only to improve -
the quality of the methods of extended hydrometeor- . - .
ological forecasts but will also provide the possib-. =
i1ity to extend.them to cover a period of up to a '
year, or several years, i.,e, it will permit an ap-
proach to the solution of the problem of extra long- .
range forecasts, o ' ’ ‘

6) A study of the peculilarities of atmospheric
circulation in artificially created models of our
planet and the verification of the resulting regular-
ities under natural conditions by the establishment
of corresponding complex observations, -

‘ 7) The organization of systematic simultaneous
observations (similar to those which were conducted
according to the IGY Program) throughout the world
which yield an understanding of the constant changes
"in time of all the active factors of terrestrial and
cosmic crigin, It is necessary that these observat-
ions be immediiately processed at an international
. center, published and transmitted to all’ scientific
‘meteorological institutions of -the world for further
. . study. ’ o - Lo . :
" - - . 8) A rational utilization of :efforts and -
financial expenses of the various countries for meteor-
ological research in order to accelerate and p.x. .t
the collection and processing of primary materials,

At the same time, it is necessary to bear in mind that
 the rational distribution of weather stations over the
' globe and the natuire- of observations carried out by
them, at the present time has an incomparably greater
significance for science than an increase in the
density of the net in isolated regions and countries
limited in area, : : o e

9) A wide-spread utilization of electronic
computers and other new technical means sultable for
the analysis and observations of the necessary type
and accuracye.
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